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TITLE OF THE nsrVENnON 

BIC YCUC ANHJDE SPIROHYDANTOIN CGRP RECEPTOR ANTAGONISTS 

BACKGROUND OF THE INVENTION 

CGRP (Calcitonin Gene-Related Peptide) is a naturally occurring 37-aimno acid 
peptide that is generated by tissue-specific alternate processing pf calcitonin messenger RNA and 
IS widely distnbuted in the central and peripheral nervous system. CGRP is localized 
predominantly in sensory afferent and central neurons and mediates several biological actions 
including vasodilation. CGRP is expressed in alpha- and beta-forms that vary by one and three 
amino acids m the rat and human, respectively. CGRP-alpha and CGRP-beta display similar 
biological properties. When released from the cell, CGRP initiates its biological responses by 
binding to specific cell surface receptors that are predominantly coupled to the activation of 
adenylyl cyclase. CGRP receptors have been identified and phannacologically evaluated in 
several tissues and ceUs. including those of brain, cardiovascular, endothelial, and smooth 
muscle origin. 

CGRP is a potent vasodilator that has been implicated in the pathology of 
cerebrovascular disorders such as migraine and cluster headache. In clinical studies, elevated 
levels of CGRP in the jugular vein were found to occur during migraine attacks (Goadsby et al 
Ann. Neurol.. 1990, 28. 183-187). CGRP activates receptors on the smooth muscle of 
mtracramal vessels, leading to increased vasodilation, which is thought to be the major source of 
headache pain during migraine attacks (Lance, Headache Pathogenesis: Monoamines 
Neuropeptides, Purines and Nitric Oxide, Lippincott-Raven Publishers. 1997, 3-9). The middle 
meningeal artery, the principle artery in the dura mater, is innervated by sensory fibers from the 
tngeminal ganglion which contain several neuropeptides, including CGRP. Trigeminal ganglion 
stimulation in the cat resulted in increased levels of CGRP, and in humans, activation of the 
tngemmal system caused facial flushing and increased levels of CGRP in the external jugular 
vein (Goadsby et al., Ann. Neurol., 1988, 23, 193-196). Electrical stimulation of the dura mater 
m rats mcreased the diameter of the middle meningeal artery, an effect that was blocked by prior 
administration of CGRP(8-37), a peptide CGRP antagonist (Williamson et al., Cephalalgia, 
1997. 17, 525-531). Trigeminal ganglion stimulation increased facial blood flow in the rat which 
was mhibited by CGRP(8-37) (Escott et al.. Brain Res. 1995, 669. 93-99). Electrical stimulation 
of the tngermnal ganglion in marmoset produced an increase in facial blood flow that could be 
blocked by the non-peptide CGRP antagonist BIBN4096BS (Doods et al., Br. J. Phannacol 
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2000, 129.420-423). Thus the vascular effects of CGRP may be attenuated, prevented or 
reversed by a CGRP antagonist. f c or 

CGI?P-mediated vasodilation of rat middle meningeal artery was shown to 
sensitize neurons of the trigeminal nucleus caudaKs (Williamson et al.. The CGRP Familv 

2000, 245-247). Similarly, distention of dural blood vessels during migraine headache may 
sensitize trigeminal neurons. Some of the associated symptoms of migraine, including extl- 
cranial pam and facial allodynia. may be the result of sensitized trigeminal neurons (Burstein et 
al., Ann. Neurol. 2000. 47. 614-624). A CGRP antagonist may be beneficial in attenuating 
preventing or reversing the effects of neuronal sensitization. 

The ability of the compounds of the present invention to act as CGRP antagonists 
makes them useful phaimacological agents for disorders that involve CGRP in humans and 
amm^s. but particularly in humans. Such disorders include migraine and cluster headache 

3^.97^ 7 ^ ^ ^'^^ Cephalalgia. 1994, 14, 

320-327); chrome tension type headache (Ashina et al., Neurology, 2000, 14, 1335-1340); pain 

Zl T.^ et al.. Pain, 2000 86. 

163-175); neurogenicinflammationandinflammatorypainCHolzer.Neurosci., 1988 24 739- 
768; Delay-Goyet et al.. Acta Physiol. Scanda. 1992. 146. 537-538; Salmon et al., Nature 
Neurosci 2001. 4(4). 357-358); eye pain (May et al. Cephalalgia. 2002. 22, 195-196). tooth pain 
0^wawde et aL. Int. Endocrin. J.. 2002. 35. 30-36). non-insulin dependent diabetes mellitus 
r "on ' ^^-^'^^ "^^^"^^ inflammation (Zhang et al 

ScT'l99. 657 '""''^^ ^~«vity. asthma. (Foster et al., Ann. NY Ac'ad. 

1993 67 578T579^^^^^^^^ f " ' ''''^ '''^ H^83.H2490; Zheng et al., J. 

Virol 1993, 67. 5786-5791); shock, sepsis (Beeret al.. Crit. CaieMed.. 2002. 30 (8), 1794- 
1798); opiate withdrawal syndrome (Salmon et al.. Nature Neurosci., 2001, 4(4) 357-358) 

ZZT^TT^ ^'^^ 2^^2-2351); hot fl'ashes in men and 

women (Chen et al.. Lancet, 1993, 342, 49; Spetz et al., J. Urology. 2001, 166, 1720-1723)- 
allergic dennatitis (Wallengren, Contact Dermatitis, 2000, 43 (3), 137-143); psoriasis- 
^cephalitis, brain trauma, ischaemia, stroke, epilepsy, and neurodegenerative disease's 
^ohrenbecket al Neurobiol. of Disease 1999, 6, 15-34); skin diseases (Geppetti and Holzer 
Eds., Neurogenic Inflammation. 1996. CRC Press. Boca Raton. FL), neurogenic cutaneous 

l^rit T~' "^''"'^ ^^-^^-^ «-l°gy. 2002, 

189(3). 225); inflammatory bowel disease, irritable bowel syndrome. (Hoffman et al 

Scandinavian Journal of Gastroenterology. 2002. 37(4) 414-422) and cystitis. Of particular 
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importance is the acute or prophylactic treatment of headache, including migraine and cluster 
headache. 

The present invention relates to compounds that are useftil as ligands for CGRP 
receptors, in particular antagonists for CGRP receptors, processes for their preparation, their use 
in therapy, pharmaceutical compositions comprising them and methods of therapy using them. 

SUMMARY OF THE INVENTION 

The present invention is directed to compounds which are antagonists of CGRP 
receptors and which are useful in the treatment or prevention of diseases in which the CGRP is 
involved, such as migraine. The invention is also directed to phannaceutical compositions 
comprising these compounds and the use of these compounds and compositions in the prevention 
or treatment of such diseases in which CGRP is involved. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to compounds of the formula I: 




I 



wherein: 

B is a bicycloheterocycle selected from the group consisting of: 



-3- 



wo 2004/082605 



PCT/US2004/007289 



O 
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V/ V/ V/ 



u-v Vv 
o o 





u-v u-v 



U-V 



v=w v=w 

where T, U, V, W, X and Y are each independently a carbon atom or a nitrogen atom 
wherein no more than two of T, U, V and W, and no more than three of T, U. V. W. X 
and Y, are a nitrogen atom, 

where B is unsubstituted or substituted with 1-5 substituents where the substituents are 
mdependently selected from r1, r2, R3a and R3b, wherein 
r1. r2 R3a and R3b aie independently selected from: 

(1) -Ci_6alkyl, which is unsubstituted or substituted with 1-7 substituents where the 
substituents are independently selected from: 

(a) halo, 

(b) hydroxy, 

(c) -0-Ci.6alkyI, 

(d) -C3_6cycloalkyl, 

(e) phenyl or heterocycle. wherein heterocycle is selected from: pyridyl, 
pyrimidinyl, pyrazinyl. pyridazinyl, piperidinyl, piperazinyl, pyrrolidinyl. 
thienyl, or morpholinyl, 

which is unsubstituted or substituted with 1-5 substituents where the 
substituents are independently selected from: 

-4- 



wo 2004/082605 



PCT/US2004/007289 



(i) -Ci-ealkyl, 

(ii) -0-Ci-6alkyl, 

(iii) haJo, 

(iv) hydroxy, 

(v) trifluoromethyl, and 

(vi) -OCF3, 

(f) -C02R9, wherein R9 is independently selected from: 

(i) hydrogen, 

(ii) -Ci-6alkyl, which is unsubstituted or substituted with 1-6 fluoro, 

(iii) -C3.6cycloalkyl, 

(iv) benzyl, and 

(v) phenyl, 

(g) -NRlORl 1, wherein rIO and r1 1 are independently selected from: 
(i) hydrogen, 

00 -Ci-6alkyl, which is unsubstituted or substituted with 1-6 fluoro, 

(iii) -C5-6cycloalkyl, 

(iv) benzyl, 

(v) phenyl, 

(vi) -C0R9, and 

(vii) -SO2RI2, 

(h) -SO2RI2, wherein r12 jg independenUy selected from: 

(i) -Ci-6alkyl, which is unsubstituted or substituted with 1-6 fluoro, 

(ii) -C5_6cycloalkyl, 

(iii) benzyl, and 

(iv) phenyl, 

(i) -CONRlOaRl la, wherein RlOa and r1 la are independently selected 
from: 

(i) hydrogen, 

(li) -Ci-6alkyl, which is unsubstituted or substituted with 1-6 fluoro, 

(iii) -C5_6cycloalkyl, 

(iv) benzyl, 

(v) phenyl. 
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or Where RlOa and Rl la may be joined together to form a ring selected 
from azetidinyl, pyirolidinyl, piperidinyl, piperazinyl, or morpholinyl. 
which is unsubstituted or substituted with 1-5 substituents where the 
substituents are independently sel^ted from: 

(D -Ci-6alkyl 

CH) -0-Ci.6alkyl 

(m) halo 

(TV) hydroxy 

(V) phenyl, and 

(VI) benzyl, 
(j) trifluoromethyl, 

(k) -OC02R9. 

. (I) -(NRl0a)cO2R9, 
(m) -O(CO)NRl0aRlla 

(n) -(NR9)(co)NRl0aRlla and 
(o) -0-C3.6cycloalkyl, 

(2) -C3-6cycloalkyl, which is unsubstituted or substituted with 1-7 substituents where 
the substituents are independently selected from: 

(a) halo, 

(b) hydroxy, 

(c) -0-Ci-6alkyl, 

(d) trifluoromethyl, 

(e) phenyl, which is unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from: 

(i) -Ci_6alkyl, 

(ii) -0-Ci-6alkyl. 

(iii) halo, 

(iv) hydroxy, and 

(v) trifluoromethyl, 

(3) phenyl or heterocycle, wherein heterocycle is selected from: pyridyl, pyrimidinyl. 
pyrazinyl, thienyl, pyridazinyl, pyrrolidinyl, azetidinyl. thiazolyl, isothiazolyl, 
oxazolyl, isoxazolyl, imidazolyl, triazolyl, tetrazolyl, azepinyl, benzimidazolyl, 
benzopyranyl, benzofiiryl, benzothiazolyl, benzoxazolyl, chromanyl, furyl, 
imidazolinyl. indolinyl, indolyl, quinolinyl, isoquinoUnyl, tetrahydroquinolinyl. 
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isoindolinyl, tetrahydroisoquinolinyl, 2-oxopiperazinyl, 2-oxopipericiinyl, 2- 
oxopytrolidinyl, pyrazolidinyl, pyrazolyl, pyrrolyl, quinazolinyl, tetrahydrofuryl, 
thiazolinyl, parinyl, naphthyridinyl, quinoxalinyl. 1,3-dioxolanyl, oxadiazolyl, 
piperidinyl. tetrahydropyranyl, tetrahydrothienyl, tetrahydrothiopyranyl. and 
morpholinyl, which is unsubstituted or substituted with 1-5 substituents where the 
substituents are independently selected from: 

(a) -Ci -galkyl, which is unsubstituted or substituted with 1-6 fluoro, 

(b) halo, 

(c) hydroxy, 

(d) -0-Ci-6alkyl, which is unsubstituted or substituted with 1-6 fluoro, 

(e) -C3_6cycloalkyl, 

(0 phenyl or heterocycle, wherein heterocycle is selected from: pyridyl, 
pyrimidinyl, pyrazinyl, thienyl, or morpholinyl, 
which is unsubstituted or substituted with 1-5 substituents where the 
substituents are independently selected from: 

(i) -Ci_6alkyl, 

(ii) -0-Ci_6alkyl, 

(iii) halo, 

(iv) hydroxy, and 

(v) trifluoromethyl, 

(g) -C02R9, 

(h) -(C0)R9, 

(i) -NRIOrU, 

0) -CONRlORll, 

(k) oxo 

0) -SR12 

(m) -S(0)R12, and 

(n) -SO2RI2, 

(4) halo, 

(5) 0x0, 

(6) hydroxy, 

(7) -0-Ci_6alkyl, which is unsubstituted or substituted with 1-5 halo, 

(8) -CN, 

(9) -CO2R9, 
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(10) -NRlORll, 

(11) -S02R12 

(12) -CONRlOaRlla 

(13) -OC02R9, 

(14) -(NRl0a)cO2R9, 

(15) -O(CO)NRl0aRlla 

(16) -(NR9)(cO)NRl0aRlla, 

(17) -(CO)-(CO)NRlOaRlla, and 

(18) -(C0)-(C0)0R9; 

or where R3a and R3b and the carbon atom(s) to which they are attached may be joined 
together to form a ring selected from cyclobutyl, cyclopentyl, cyclohexyl, 
cyclopentenyl, cyclohexenyl, azetidinyl, pyiroUdinyl, piperidinyl, 
tetrahydrofuranyl, tetrahydropyranyl, furanyl, dihydrofuranyl, dihydropyranyl, 
thienyl, dihydrothienyl, tetrahydrothienyl, dihydrothiopyranyl, 
tetrahydrothiopyranyl or piperazinyl, which is unsubstituted or substituted with 1- 
5 substituents where the substituents are independently selected from: 
(a) -Ci.6alkyl, which is unsubstituted or substituted with 1-3 substituents 
where the substituents are independently selected from: 
(i) halo, 
2^ (ii) hydroxy, 

(iii) -0-Ci.6alkyl, 

(iv) -Cs^cycloalkyl, 

(v) phenyl or heterocycle, wherein heterocycle is selected from: 
pyridyl, pyrimidinyl. pyrazinyl, pyridazinyl, piperidinyl, 
piperazinyl, pyirolidinyl. thienyl, or morpholinyl, which is 
unsubstituted or substituted with 1-5 substituents where the 
substituents are independently selected from: 

(X) -Ci.6alkyl, 
(n) -0-Ci_6alkyl, 
3® m halo, 

(IV) hydroxy, 

(V) trifluoromethyl, and 

(VI) -OCF3, 

(vi) -C02R9, 
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(Vii) -NRlORll, 

(viii) -SO2RI2, 

(ix) -CONRiOaRiia and 

(x) -(NRl0a)cO2R9, 

(b) phenyl or heterocycle, wherein heterocycle is selected fiom: pyridyl, 
pyrimidinyl. pyrazinyl, thienyl, pyridazinyl, pyrrolidinyl, azetidinyl, 
piperidinyl and morpholinyl. which is unsubstituted or substituted with 1-3 
substituents where the substituents are independently selected from: 

(i) -Ci-6alkyl, which is unsubstituted or substituted with 1-6 fluoro, 

(ii) halo, 

(iii) hydroxy, 

(iv) -0-Ci_6alkyl, which is unsubstituted or substituted with 1-6 
fluoro, and 

(v) -C3-6cycloalkyl, 

(c) halo, 

(d) -SO2RI2, 

(e) hydroxy, 

(f) -O-C 1 -6alkyl, which is unsubstituted or substituted with 1-5 halo, 

(g) -CN, 

(h) -COR12 

(i) -NRlORll, 

(j) -CONRlOaRlla 

(k) -C02R9, 

(1) -(NRl0a)cO2R9 

(m) -O(CO)NRl0aRlla 

(n) -(NR9)(CO)NRl0aRlla 

and 

(o) 0x0; 



and a2 are independently selected from: 

(1) a bond, 

(2) -CR13r14.^ wherein r13 and r14 are independently selected from: 

(a) hydrogen, 

(b) Ci-6 alkyi, which is unsubstituted or substituted with 1-6 fluoro, and 

(c) hydroxy. 
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or wherein one of and a2 is absent; 

is selected from: 

(1) . hydrogen, 

(2) Ci-6 alkyl, which is unsubstituted or substituted with 1-6 fluoro, 

(3) C5-6 cycloalkyl, 

(4) benzyl , and 

(5) phenyl; 

R5a R5b and r5c are independently selected from: 



(1) 


hydrogen. 


(2) 


Ci_6 alkyl. 


(3) 


-0-Ci_6alkyl, 


(4) 


-OCF3, 


(5) 


trifluororaethyl. 


(6) 


halo. 


(7) 


hydroxy, and 


(8) 


-CN; 



r6 is selected from: 

(1) hydrogen, 

(2) -Ci_6alkyl or -Cs-ecycloalkyl which are unsubstituted or substituted with 1-7 
substituents where the substituents are independently selected from: 

(a) halo, 

(b) hydroxy, 

(c) -0-Ci.6alkyl, 

(d) -C3-6cycIoaIkyl, 

(e) phenyl, which is unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from: 

(i) -Ci_6alkyl, 

(ii) -0-Ci.6alkyl. 

(iii) halo, 

(iv) hydroxy, and 

(v) trifluoromethyl. 
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(f) -C02R9, 

(g) -NRlORll, 

(h) -CONRiORil, 

(i) -SO2RI2, and 

(j) trifluoromethyl 
(3) phenyl or heterocycle, wherein heterocycle is selected fix>m: pyridyl, pyrimidinyl, 
pyrazinyl, thienyl, or morpholinyl. which is unsubstituted or substituted with l-s' 



(a) 


-Ci_6alkyl, 


(b) 


-O-Ci-ealkyl, 


(c) 


halo. 


(d) 


hydroxy, and 


(e) 


trifluoromethyl; 



15 m is 1 or 2; 
n is 1 or 2; 

and pharmaceutically acceptable salts thereof and individual enantiomers and diasteieomers 
thereof. 



20 



An embodiment of the present mvention includes compounds of the formula la: 

O 




la 



wherein B, a1, a2, r4, and r6 are defined herein; 

and pharmaceutically acceptable salts thereof and individual enantiomers and diastereomers 
25 thereof. 



lb: 



Another embodiment of the present invention includes compounds of the fonnula 
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lb 



wherein B and r4 are defined herein; 

and pharmaceutically acceptable salts thereof and individual enantiomers and diastereomers 



thereof. 



Ic: 



Another embodiment of the present invention includes compounds of the formula 




Ic 



wherein B is defined herein; 

and pharmaceutically acceptable salts thereof and individual enantiomers and diastereomers 



thereof. 
Id: 



Another embodiment of the present invention includes compounds of the formula 




Id 



wherein B is defined herein; 

and phannaceutically acceptable salts thereof and individual enantiomers and diastereomers 



thereof. 
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le: 



Another embodiment of the present invention includes compounds of the foimula 



0^, 




le 



wherein B is defined herein; 

and pharmaceuticaUy acceptable salts thereof and individual enantiomers and diastereomers 
tiiereof. 



If: 



Another embodiment of the present invention includes compounds of the formula 




If 



wherein B, R4 and r6 are defined herein; 

and pharmaceuticaUy acceptable salts thereof and individual enantiomers and diastereomers 



fliereof. 
of: 



In an embodiment of the present invention B is selected from the 



group consisting 
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o 



N N 




N 



N 





N 





N 




O 



N 







4 O-^N-A 





o o o 

O^N-A O^N-A o^n4 





Which is unsubstituted or substituted with 1-5 substituents selected from r1, r2, R3a and R3b 

wherein Rl. r2 R3a and R3b are defined herein. 

In an embodiment of the present invention B is benzimidazolyl. 
In an embodiment of the present invention B is 2-oxobenzoxazoIinyl. 

- 14- 
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In an embodiment of the present invention B is 2-oxobenziraidazolinyl. 
In an embodiment of the present invention B is indolyl. 
In an embodiment of the present invention B is 2-oxoindolinyl. 
In an embodiment of the present invention B is 2-oxobenzothiazolinyl. 
In an embodiment of the present invention B is l,3-dihydro-2H-imidazo[4,5- 
d]pyridine-2-one. 

In an embodiment of the present invention B is naphtho[2,l-d][l,3]oxazoUn- 



In an embodiment of the present invention B is naphtho[l,2-fq[l,3]oxazolin- 



2(3/0-one. 
2(l/0-one. 

Tn an embodiment of the present invention r1, r2, R3a and R3b are 
independently selected from: 

(1) -Ci-ealkyl, which is unsubstituted or substituted with 1-5 substituents where the 
substituents are independently selected from: 

(a) fluoro, 

(b) phenyl or heterocycle, wherein heterocycle is selected from: pyridyl, 
pyrimidinyl, pyrazinyl, pyridazinyl, piperidinyl, piperazinyl, pyrrolidinyl, 
thienyl, or morpholinyl, 

(c) -C02R9, wherein r9 is independently selected from: 

(i) hydrogen, and 

(ii) -Ci.6alkyl, 

(d) -CONRlOaRl la wherein RlOa and r1 la are independently selected 
from: 

(i) hydrogen, and 

(ii) -Ci-ealkyl, 

or where RlOa and Rlla may be joined together to form a ring selected 
from azetidinyl, pyrroUdinyl, piperidinyl, piperazinyl, and morpholinyl, 
and 

(e) -0-C3-6cycloalkyl, 

(2) phenyl or heterocycle. wherein heterocycle is selected from: pyridyl, pyrimidinyl, 
pyrazinyl, thienyl, pyridazinyl, pyrrolidinyl, thiazolyl, isothiazolyl, 2- 
oxopyrrolidinyl, tetrahydrofuryl, piperidinyl, tetrahydrothienyl, or 
tetrahydiothiopyranyl, which is unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from: 
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(a) -Ci_6alkyl, which is unsubstituted or substituted with 1-3 fluoro 

(b) halo, 

(c) -C02R9, wherein R9 is selected from: 

(i) hydrogen, 

(ii) -Ci-4alkyl, and 

(iii) -C3-6cycloaI]q^l, 

(d) -(C0)R9, 

(e) -CONRlOaRl la wherein RlOa and r1 la are independently selected 

from: 

(i) hydrogen, and 

(ii) -Ci.6alkyl, 

or where RlOa and Rlla may be joined together to fomi a ring selected 
from azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, and morpholinyl, 

(f) -0-Ci_6alkyl, which is unsubstituted or substituted with 1-3 fluoro, 

(g) hydroxy, 

(h) oxo, 

(i) -S-Ci^alkyl, 

G) -S(0)-Ci-4alkyl, and 
(k) -S02-Ci_4alkyl, 

(3) halo. 

(4) hydroxy, 

(5) -0-Ci_6alkyI, which is unsubstituted or substituted with 1-3 fluoro 

(6) -NH2, 

(7) -C3.6cycloaIkyl, 

(8) -(COHCO)NRlOaRlla wherein RlOa and RHa are independently selected 
from: 

(a) hydrogen, and 

(b) -Ci-6alkyl, and 

(9) -CN. 

Jn an embodiment of the present invention r1 and r2 are independently selected 

(1) -Ci_4alkyl, which is unsubstituted or substituted with 1-5 substituents where the 
substituents are independently selected from: 
(a) fluoro, 
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(b) phenyl, 

(c) -C02R9, wherein r9 is independently selected ftom: 

(i) hydrogen, and 

(ii) -Ci.4alkyl, 

(d) -CONRlOaRUa wherein RlOa and r1 la are independently selected 
from: 

(i) hydrogen, and 

(ii) -Ci-4alkyl, 

or where RlOa and Rl la may be joined together to form a ring selected 
from azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, and morpholinyl, 
and 

(e) -0-C3-6cycloalkyl, 

(2) phenyl or heterocycle, wherein heterocycle is selected from: pyridyl, pyrimidinyl, 
pyrazinyl, thienyl. pyridazinyl, pyrrolidinyl, thiazolyl, tetrahydrofuryl, piperidinyl, 
or tetrahydrothienyl, which is unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from: 

(a) -Ci^alkyl, which is unsubstituted or substituted with 1-3 fluoro 

(b) halo, 

(c) -C02R9 wherein R9 is selected from: 

(i) hydrogen, 

(ii) -Ci_4alkyl, and 

(iii) -C3_6cycloalkyl, 

(d) -(C0)R9, 

(e) -CONRlOaRlla wherein RlOa and RHa are independently selected 
from: 

(i) hydrogen, and 

(ii) -Ci^alkyl, 

(f) -O-Ci^alkyl, which is unsubstituted or substituted with 1-3 fluoro, 

(g) hydroxy, 

(h) oxo 

(i) -S-Ci^alkyl, 

0) -S(0)-Ci^alkyl, and 
(k) -S02-Ci^alkyl, 
(3) halo. 
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(4) hydroxy, 

(5) -0-Ci-4alkyl, which is unsubstituted or substituted with 1-3 fluoro 

(6) -NH2, 

(7) -C3.6cycloalkyl, 

(8) -(CO)-(CO)NRlOaRlla. wherein RlOa and r1 la are independently selected 
from: 

(a) hydrogen, and 

(b) -Ci_4alkyl, and 

(9) -CN. 

In an embodiment of the present invention, R3a and R3b and the carbon atom(s) 
to which they are attached are joined together to form a ring selected from piperidinyl, 
cyclohexenyl. cyclohexyl and pyrrolidinyl, which is unsubstituted or substituted with 1-3 
substituents independently selected from: 

(a) -Ci_6alkyl, which is unsubstituted or substituted with 1-3 substituents 
where the substituents are independently selected from: 

(i) halo, and 

(ii) phenyl, 

(b) phenyl or heterocycle, wherein heterocycle is selected from: pyridyl, 
pyrimidinyl and pyrazinyl, 

(c) -C02R9, wherein R9 is selected from: 

(i) hydrogen, and 

(ii) -Ci-4alkyl. 

In an embodiment of the present invention, R3a and R3b and the carbon atom(s) 
to which they are attached are joined together to form a piperidine ring, which is unsubstituted or 
substituted with 1-3 substituents independently selected from: 

(a) -Ci_6alkyl, which is unsubstituted or substituted with 1-3 substituents 
independently selected from: 

(i) fluoro, and 

(ii) phenyl, 

(b) -COi-Ci^alkyl. 

In an embodiment of the present invention Al is a bond. 
In an embodiment of the present invention A2 is -CH2-. 

In an embodiment of the present invention r4 is selected from: hydrogen and - 
Ci-6alkyl, which is unsubstituted or substituted with fluoro. 
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In an embodiment of the present invention is hydrogen. 
In an embodiment of the present invention R^a R5b and r5c are independently 
selected from hydrogen, Ci-galkyl and halo. 

Jn an embodiment of the present invention R^a R5b and r5c are independently 
selected from hydrogen and halo. 

In an embodiment of the present invention R5a R5b and r5c are hydrogen. 
In an embodiment of the present invention r6 is selected from: 

(1) hydrogen, 

(2) -Ci.4alkyl which is unsubstituted or substituted with 1-5 substituents where the 
substituents are independently selected from: 

(a) halo, 

(b) hydroxy, 

(c) -C3-6cycloalkyl, and 

(d) phenyl, 

(3) phenyl or heterocycle, wherein heterocycle is selected from: pyridyl, pyrimidinyl, 
or pyrazinyl. 

In an embodiment of the present invention r6 is selected from: 

(1) hydrogen, 

(2) -Ci^alkyl which is unsubstituted or substituted with 1-3 substituents where the 
substituents are independently selected from: 

(a) halo, and 

(b) phenyl. 

In an embodiment of the present invention r6 is hydrogen or methyl. 
In an embodiment of the present invention r6 is methyl. 
In an embodiment of the present invention m is 1. 
In an embodiment of the present invention n is 1. 
In an embodiment of the present invention n is 2. 

The compounds of the present invention may contain one or more asymmetric 
centers and can thus occur as racemates and racemic mixtures, single enantiomers, 
diastereomeric mixtures and individual diastereomers. The compounds of the instant invention 
have one asynmietric center. Additional asymmetric centers may be present depending upon the 
nature of the various substituents on the molecule. Each such asymmetric center will 
independently produce two optical isomers and it is intended that all of the possible optical 
isomers and diastereomers in mixtures and as pure or partially purified compounds are included 
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Within the ambit of this invention. The present invention is meant to comprehend all such 
isomeric forms of these compounds. 

The independent syntheses of these diastereomers or their chromatographic 
separations may be achieved as known in the art by appropriate modification of the methodology 
disclosed herein. Their absolute stereochemistry may be determined by the x-ray crystallography 
of crystalline products or crystalline intermediates which are derivatized. if necessary, with a 
reagent contaimng an asymmetric center of known absolute configuration. 

If desired, racemic mixtures of the compounds may be separated so that the 
individual enantiomers are isolated. The separation can be carried out by methods well known in 
the art, such as the coupling of a racemic mixture of compounds to an enantiomerically pure 
compound to form a diastereomeric mixture, followed by separation of the individual 
diastereomers by standard methods, such as fractional crystallization or chromatography The 
coupling reaction is often the formation of salts using an enantiomerically pure acid or base The 
diasteromeric derivatives may then be converted to the pure enantiomers by cleavage of the 
added chiral residue. The racemic mixture of the compounds can also be separated directly by 
chromatographic methods utilizing chiral stationary phases, which methods are well known in 
the art. 

Alternatively, any enantiomer of a compound may be obtained by stereoselective 
synthesis usmg optically pure starting materials or reagents of known configuration by methods 
well known in the art. 

As appreciated by those of skill in the art. halo or halogen as used herein are 
intended to include chloro, fluoro. bromo and iodo. Similarly. Ci.g. as in Ci-galkyl is defined to 
Identify the group as having 1, 2. 3. 4, 5, 6, 7 or 8 carbons in a linear or branched arrangement 
such that Ci-galkyl specifically includes methyl, ethyl, n-propyl, iso-propyl. n-butyl. iso-butyl* 
tert-butyl, pentyl, hexyl. heptyl and octyl. Likewise. Co. as in CQalkyl is defined to identify the 
presence of a direct covalent bond. The term "heterocycle" as used herein is intended to include 
but IS not limited to. the following groups: benzoimidazolyl. benzofuranyl, benzofurazanyl 
benzopyrazolyl. benzotriazolyl. benzothiophenyl. benzoxazolyl. carbazolyl, carbolinyl 
cmnohnyl, furanyl. imidazolyl. indolinyl. indolyl. indolazinyl, indazolyl, isobenzofuranyl 
isomdolyl. isoquinolyl. isothiazolyl, isoxazolyl, naphthpyridinyl. oxadiazolyl, oxazolyl, oxetanyl 
pyranyl. pyrazinyl. pyrazolyl. pyridazinyl. pyridopyridinyl, pyridazinyl. pyridyl, pyrimidyl 
pyrrolyl, quinazolinyl, quinolyl. quinoxalinyl. tetrahydropyranyl. tetrazolyl. tetrazolopyridyl 
thiadiazolyl. thiazolyl. thienyl. triazolyl. azetidinyl. 1.4-dioxanyl. hexahydroazepinyl 
piperazinyl. piperidinyl. pyixoHdinyl. moiphoUnyl. thiomorpholinyl, dihydrobenzoimidazolyl 
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dihydrobenzofuranyl, dihydrobenzothiophenyl. dihydrobenzoxazolyl, dihydrofuranyl. 
dihydroimidazolyl, dihydroindolyl. dihydroisooxazolyl, dihydroisothiazolyl. dihydro'oxadiazolyl 
dihydrooxazolyl, dihydropyrazinyl, dihydropyrazolyl. dihydropyridinyl, dihydropyrimidinyl, 
dihydropyrrolyl. dihydroquinolinyl. dihydrotetrazolyl, dihydrothiadiazolyl. dihydrothiazolyl! 
dihydrothienyl, dihydrotriazolyl, dihydroazetidinyl. methylenedioxybenzoyl, tetrahydrofunmyl, 
and tetrahydiothienyl, and N-oxides thereof. 

The phrase "pharmaceutically acceptable" is employed herein to refer to those 
compounds, materials, compositions, and/or dosage forms which are. within the scope of sound 
medical judgment, suitable for use in contact with the tissues of human beings and animals 
without excessive toxicity, irritation, allergic response, or other problem or complication, 
commensurate with a reasonable benefit/risk ratio. 

As used herein, "pharmaceutically acceptable salts" refer to derivatives wherein 
the parent compound is modified by making acid or base salts thereof. Examples of 
pharmaceutically acceptable salts include, but are not Umited to, mineral or organic acid salts of 
basic residues such as amines; alkali or organic salts of acidic residues such as carboxylic acids; 
hydantoins; and the like. The pharmaceutically acceptable salts include the conventional non- ' 
toxic salts or the quaternary ammonium salts of the parent compound formed, for example, from 
non-toxic inorganic or organic acids. For example, such conventional non-toxic salts include 
those derived from inorganic acids such as hydrochloric, hydrobromic, sulfuric, sulfamic, 
phosphoric, nitric and the like; and the salts prepared from organic acids such as acetic, ' 
propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, pamoic. maleic. 
hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, sulfanilic, 2-acetoxybenzoic, fumaric, 
toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, isethionic, and the like. 

When the compound of the present invention is basic, salts may be prepared from 
phannaceutically acceptable non-toxic acids, including inorganic and organic acids. Such acids 
include acetic, benzenesulfonic. benzoic, camphorsulfonic, citric, ethanesulfonic, fumaric, 
gluconic, glutamic, hydrobromic, hydrochloric, isethionic. lactic, maleic, malic, mandelic' 
methanesulfonic, mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric, p- 
toluenesulfonic acid, and the like. Particularly preferred are citric, hydrobromic, hydrochloric, 
maleic, phosphoric, sulfuric, fumaric, and tartaric acids. It will be understood that, as used 
herein, references to the compounds of Formula I are meant to also include the pharmaceutically 
acceptable salts. 

Exemplifying the invention is the use of the compounds disclosed in the 
Examples and herein. Specific compounds within the present invention include a compound 
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Which selected from the group consisting of the compounds disclosed in the following Examples 
and pharmaceutically acceptable salts thereof and individual diastereomers thereof. 

The subject compounds are useful in a method of antagonism of CGRP receptors 
in a patient such as a mammal in need of such antagonism comprising the administration of an 
effective amount of the compound. The present invention is directed to the use of the 
compounds disclosed herein as antagonists of CGRP receptors. In addition to primates, 
especially humans, a variety of other mammals can be treated according to the method of the 
present invention. 

Another embodiment of the present invention is directed to a method for the 
treatment, control, amelioration, or reduction of risk of a disease or disorder in which the CGRP 
receptor is involved in a patient that comprises administering to the patient a therapeutically 
effective amount of a compound that is an antagonist of CGRP receptors. 

The present invention is further directed to a method for the manufacture of a 
medicament for antagonism of CGRP receptors activity in humans and animals comprising 
combining a compound of the present invention with a pharmaceutical carrier or diluent. 

The subject treated in the present methods is generally a mammal, preferably a 
human being, male or female, in whom antagonism of CGRP i-eceptor activity is desired. The 
term "therapeutically effective amount" means the amount of the subject compound that will 
elicit the biological or medical response of a tissue, system, animal or human that is being sought 
by the researcher, veterinarian, medical doctor or other clinician. As used herein, the term 
"treatment" refers both to the treatment and to the prevention or prophylactic therapy of the 
mentioned conditions, particulariy in a patient who is predisposed to such disease or disorder. 

The term "composition" as used herein is intended to encompass a product 
comprising the specified ingredients in the specified amounts, as well as any product which 
results, directly or indirectly, from combination of the specified ingredients in the specified 
amounts. Such term in relation to pharmaceutical composition, is intended to encompass a 
product comprising the active ingredient(s), and the inert ingredient(s) that make up the carrier, 
as well as any product which results, directly or indirectly, from combination, complexation or' 
aggregation of any two or more of the ingredients, or from dissociation of one or more of the 
ingredients, or from other types of reactions or interactions of one or more of the ingredients. 
Accordingly, the pharmaceutical compositions of the present invention encompass any 
composition made by admixing a compound of the present invention and a pharmaceutically 
acceptable carrier. By "pharmaceutically acceptable" it is meant the carrier, diluent or excipient 
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must be compatible with the other ingredients of the fonnulation and not deleterious to the 
recipient thereof. 

The terms "administration of and or "administeiing a" compound should be 
understood to mean providing a compound of the invention or a prodrug of a compound of the 
invention to the individual in need of treatment. 

The utility of the compounds in accordance with the present invention as 
antagonists of CGRP receptor activity may be demonstrated by methodology known in the art 
Inhibition of the binding of '^I-CGRP to receptors and functional antagonism of CGRP 
receptors were determined as follows: 

NATIVE RECEPTOR BINDING ASSAY: The binding of '"l-CGRP to 
receptors in SK-N-MC cell membranes was earned out essentially as described (Edvinsson et al 
(2001) Eur. J. Phan,mcol. 415, 39-44). Briefly, membranes (25 ^g) were incubated in 1 ml of 
binding buffer [10 mM HEPES. pH 7.4. 5 mM MgCla and 0.2% bovine serum albumin (BS A)] 
containing 10 pM^^I-CGRPandantagonist. After incubation at room temperature for 3 h the 
assay was terminated by filtration through GFB glass fibre filter plates (MiUipore) that had been 
blocked with 0.5% polyethyleneimine for 3 h. The filters were washed three times with ice-cold 
assay buffer, then the plates were air dried. Scintillation fluid (50 ^^1) was added and the 
radioactivity was counted on a Topcount (Packard Instrument). Data analysis was carried out by 
using Prism and the Ki was determined by using the Cheng-Prusoff equation (Cheng & PrusofiF 
il973) Biochem. Pharmacol 22,3099-3108). 

NATIVE RECEPTOR FUNCTIONAL ASSAY: SK-N-MC cells were grown in 
minimal essential medium (MEM) supplemented with 10% fetal bovine serum, 2 mM 
glutamine, 0.1 mM non-essential amino acids. 1 mM sodium pyruvate. 100 units/ml penicillin 
and 100 ^ig/ml streptomycin at 37 °C, 95% humidity, and 5% CO2. For cAMP assays, cells were 
plated at 5 x 10^ cells/well in 96-well poly-D-lysine-coated plates (Becton-Dickinson) and 
cultured for - 18 h before assay. Cells were washed with phosphate-buffered saline (PBS, 
Sigma) then pre-incubated with 300 m isobutylmethylxanthine in serum-free MEM for 30 min 
at 37 ^C. Antagonist was added and the cells were incubated for 10 min before the addition of 
CGRP. The incubation was continued for another 15 min, then the cells were washed with PBS 
and processed for.cAMP detennination according to the manufacturer's recommended protocol. 
Maximal stimulation over basal was defined by using 100 nM CGRP. Dose-response curves 
were generated by using Prism. Dose-ratios (DR) were calculated and used to construct full 
Schild plots (Arunlakshana & Schild (1959) Br. J. Pharmacol. 14, 48-58). 
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RECOMBINANT RECEPTOR: Human CRUR (Genbank accession number 
L76380) was subcloned into the expression vector pIREShyg2 (BD Biosciences Clontech) as a 
5'NheI and 3' Pmel fragment. Human RAMPl (Genbank accession number AJ001014) was 
subcloned into the expression vector pIRESpuro2 (BD Biosciences Clontech) as a 5'NheI and 
3'NotI fragment. 293 cells (human embryonic kidney cells; ATCC #CRL-1573) were cultured in 
DMEM with 4.5 g/L glucose, 1 mM sodium pyruvate and 2 mM glutamine supplemented with 
10% fetal bovine serum (FBS), 100 units/mL penicillin and 100 ug/ml streptomycin, and 
maintained at 37°C and 95% humidity. Cells were subcultuied by treatment with 0.25% trypsin 
with 0.1% EDTA in HBSS. Stable cell line generation was accomplished by co-transfecting 10 
ug of DNA with 30 ug Lipofectamine 2000 (Invitrogen) in 75 cm^ flasks. CRLR and RAMPl 
expression constructs were co-transfected in equal amounts. Twenty-four hours after 
transfection the cells were diluted and selective medium (growth medium + 300 ug/ml 
hygromycin and 1 ug/ml puromycin) was added the following day. A clonal cell line was 
generated by single cell deposition utiUzing a FACS Vantage SE (Becton Dickinson) Growth 
medium was adjusted to 150 ug/ml hygromycin and 0.5 ug/ml puromycin for cell propagation 

RECOMBINANT RECEPTOR BINDING ASSAY: Cells expressing 
recombinant human CRLR/RAMPl were washed with PBS and harvested in harvest buffer 
containing 50 mM HEPES, 1 mM EDTA and Complete protease inhibitors (Roche). The cell 
suspension was disrupted with a laboratory homogenizer and centrifuged at 48.000 g to isolate 
membranes. The peUets were resuspended in harvest buffer plus 250 mM sucrose and stored at - 
70°C. For binding assays. 10 ug of membranes were incubated in 1 ml binding buffer (10 mM 
HEPES, pH 7.4. 5 mM MgCh. and 0.2% BSA) for 3 hours at room temperature containing 10 
pM I-hCGRP (Amersham Biosciences) and antagonist. The assay was terminated by filtration 
through 96-well GFB glass fiber filter plates (Millipore) that had been blocked with 0.05% 
polyethyleneimine. The filters were washed 3 times with ice-cold assay buffer (10 mM HEPES. 
pH 7.4). Scintillation fluid was added and the plates were counted on a Topcount (Packard). 
Non-specific binding was determined and the data analysis was carried out with the apparent 
dissociation constant (KO determined by using a non-Unear least squares fitting the bound CPM 
data to the equation below: 

" i^^m^^^=^Xs^r^iiMisn-%m^^ + YMo+ iYn^x - Y^,n)fioo-%i„ ^/im) 

1 + ([Drug] / Ki (1 + [Radiolabel] / Kd) 
Where Y is observed CPM bound, Y^^, is total bound counts, Y min is non specific bound 
counts. (Y max - Y min) is specific bound counts. % I max is the maximum percent inhibition, 
% I min is the minimum percent inhibition, radiolabel is the probe, and the is the apparent ' 
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dissociation constant for the radioligand for the receptor as determined by Hot saturation 
experiments. 

RECOMBINANT RECEPTOR FUNCTIONAL ASSAY: Cells were 
plated in complete growtii medium at 85,000 cells/well in 96-well poly-D-lysine coated plates 
(Coming) and cultured for ~ 19 h before assay. Cells were washed with PBS and then incubated 
with inhibitor for 30 min at 37°C and 95% humidity in Cellgro Complete Serum-Free/Low- 
Protein medium (Mediatech. Inc.) with L-glutamine and 1 g^ BSA. Isobutyl-methylxanthine 
was added to the cells at a concentiration of 300 pM and incubated for 30 min at 37°C. Human 
a-CGRP was added to the cells at a concentration of 0.3 nM and allowed to incubate at 37°C for 
5 min. After a-CGRP stimulation the cells were washed with PBS and processed for cAMP 
detemunation utilizing the two-stage assay procedure according to the manufacturer's 
recommended protocol (cAMP SPA direct screening assay system; RPA 559; Amershara 
Biosciences). Dose response curves were plotted and IC50 values determined from a 4-parameter 
logistic fit as defined by the equation y = ((a-d)/(l+(x/c)'') + d. where y = response, x = dose, a = 
max response, d = min response, c = inflection point and b = slope. 

In particular, the compounds of the foUovwng examples had activity as antagonists 
of the CGRP receptor in the aforementioned assays, generally with a Ki or IC50 value of less than 
about 50 MM. Such a result is indicative of the intrinsic activity of the compounds in use as 
antagonists of CGRP receptors. 

The abiHty of tiie compounds of the present invention to act as CGRP antagonists 
makes them useful pharmacological agents for disorders that involve CGRP in humans and 
animals, but particularly in humans. 

The compounds of the present invention have utility in treating, preventing, 
ameliorating, controlling or reducing the risk of one or more of the following conditions or 
diseases: headache; migraine; cluster headache; chronic tension type headache; pain; chronic 
pain; neurogenic inflammation and inflammatory pain; neuropathic pain; eye pain; tootii pain; 
diabetes; non-insulin dependent diabetes mellitus; vascular disorders; inflammation; arthritis;' 
bronchial hyperreactivity, astiima; shock; sepsis; opiate withdrawal syndrome; morphine 
tolerance; hot flashes in men and women; allergic dermatitis; psoriasis; encephalitis; brain 
trauma; epilepsy; neurodegenerative diseases; skin diseases; neurogenic cutaneous redness, skin 
rosaceousness and erythema; inflammatory bowel disease, irritable bowel syndrome, cystitis; and 
other conditions that may be treated or prevented by antagonism of CGRP receptors. Of 



-25- 



wo 2004/082605 



PCT/US2004/007289 



15 



particular importance is the acute or prophylactic treatment of headache, including migraine and 
cluster headache. 

The subject compounds are further useful in a method for the prevention, 
treatment, control, amelioration, or reduction of risk of the diseases, disorders and conditions 
5 noted herein. 

The subject compounds are further useful in a method for the prevention, 
treatment, control, amelioration, or reduction of risk of the aforementioned diseases, disorders 
and conditions in combination with other agents. 

The compounds of the present invention may be used in combination with one or 
10 more other drugs in the treatment, prevention, control, amelioration, or reduction of risk of 
diseases or conditions for which compounds of Formula I or the other drugs may have utility, 
where the combination of the drugs together are safer or more effective than either drug alone. 
Such other drug(s) may be administered, by a route and in an amount commonly used therefor, 
contemporaneously or sequentially with a compound of Formula I. When a compound of 
Formula I is used contemporaneously with one or more other drugs, a pharmaceutical 
composition in unit dosage form containing such other drugs and the compound of Formula I is 
preferred. However, the combination therapy may also include therapies in which the compound 
of Formula I and one or more other drugs are administered on different overiapping schedules. It 
is also contemplated that when used in combination with one or more other active ingredients, 
the compounds of the present invention and the other active ingredients may be used in lower 
doses than when each is used singly. Accordingly, the pharmaceutical compositions of the 
present invention include those that contain one or more other active ingredients, in addition to a 
compound of Formula I. 

For example, the present compounds may be used in conjunction with an anti- 
inflanmiatory or analgesic agent or an anti-migraine agent, such as an ergotamine or 5-HTi 
agonists, especially a 5-HT,b/,d agonist, for example sumatriptan, naratriptan, zolmitriptan, 
eletriptan, almotriptan, frovatriptan, donitriptan, and rizatriptan; a cyclooxygenase inhibitor, such 
as a selective cyclooxygenase-2 inhibitor, for example rofecoxib, etoricoxib, celecoxib, 
valdecoxib or paracoxib; a non-steroidal anti -inflammatory agent or a cytokine-suppressing anti- 
inflammatory agent, for example with a compound such as aspirin, ibuprofen, ketoprofen, 
fenoprofen. naproxen, indomethacin. sulindac, meloxicam, piroxicam, tenoxicam, lomoxicam. 
ketorolac, etodolac, mefenamic acid, meclofenamic acid, flufenamic acid, tolfenamic acid, 
diclofenac, oxaprozin. apazone, nimesulide, nabumetone, tenidap, etanercept, tolmetin, 
phenylbutazone, oxyphenbutazone. diflunisal. salsalate. olsalazine or sulfasalazine and the like; 
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or a Steroidal analgesic. Similarly, the instant compounds may be administered with a pain 
reliever such as acetaminophen, phenacetin. codeine, fentanyl, sufentanil, methadone, acetyl 
methadol, buprenorphine or morphine. 

Additionally, the present compounds may be used in conjunction with an 
interleukin inhibitor, such as an interleukin-1 inhibitor; an NK-1 m:eptor antagonist, for example 
aprepitant; an NMDA antagonist; an NR2B antagonist; a. bradykinin-1 receptor antagonist; an 
adenosme Al receptor agonist; a sodium channel blocker, for example lamotrigine; an opiate 
agonist such as levomethadyl acetate or methadyl acetate; a lipoxygenase inhibitor, such as an 
mhibitor of 5-lipoxygenase; an alpha receptor antagonist, for example indoramin; an alpha 
receptor agonist; a vanilloid receptor antagonist; an mGluRS agonist, antagonist or potentiator a 
GAB A A receptor modulator, for example acamprosate calcium; nicotinic antagonists or 
agonists including nicotine; muscarinic agonists or antagonists; a selective serotonin reuptake 
inhibitor, for example fluoxetine, paroxetine, sertraline, duloxetine, escitalopram, or citalopram- 
a tncychc antidepressant, for example amitriptyline, doxepin, protriptyline, desipramine 
tnmipramine, or imipramine; a leukotriene antagonist, for example montelukast or zafirlukast; an 
inhibitor of nitric oxide or an inhibitor of the synthesis of nitric oxide. 

Also, the present compounds may be used in conjunction with ergot alkaloids, for 
example ergotamine. ergonovine. ergonovine. methylergonovine. metergoline. ergoloid 
mesylates, dihydroergotamine, dihydroergocomine. dihydroergocristine, dihydroergocryptine 
dihydro-a-ergocryptine. dihydro-P-ergocryptine. ergotoxine, ergocomine, ergocristine, 
ergocryptine, a-ergocryptine, P-ergocryptine. ergosine. ergostane, bromocriptine, or 
methysergide. 

Additionally, the present compounds may be used in conjunction with a beta- 
adrenergic antagonist such as timolol, propanolol. atenolol, or nadolol, and the like; a MAO 
inhibitor, for example phenelzine; a calcium channel blocker, for example flunarizine 
nimodipine, lomerizine, verapamil, nifedipine, prochlorperazine or gabapentin; neuroleptics such 
as olanzapine and quetiapine; an anticonvulsant such as topiramate, zonisamide, tonabersat 
carabersat or divalproex sodium; an angiotensin H antagonist, for example losartan and 
candesartan cUexetil; an angiotensin converting enzyme inhibitor such as Hsinopril; or botulinum 
toxin type A. 

The present compounds may be used in conjunction with a potentiator such as 
caffeine, an H2-antagonist, simethicone, aluminum or magnesium hydroxide; a decongestant 
such as phenylephrine, phenylpropanolamine, pseudoephedrine. oxymetazoline. epinephrine 
naphazoline. xylometazoKne. propylhexedrine, or levo-desoxy-ephedrine; an antitussive such as 
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codeine, hydrocodone. caramiphen. carbetapentane. or dextromethorphan; a diuretic; a prokinetic 
agent such as metoclopramide or domperidone. and a sedating or non-sedating antihistamine. 

In a particularly preferred embodiment the present compounds are used in 
conjunction with an anti-migraine agent, such as: an ergotamine; a 5-HT, agonist, especially a 5- 
HTiB/iD agonist, in particular, sumatriptan, naratriptan, zolmitriptan, eletriptan. almotriptan, 
frovatriptan, donitriptan and rizatriptan; and a cyclooxygenase inhibitor, such as a selective' 
cyclooxygenase-2 inhibitor, in particular, rofecoxib, etoricoxib, celecoxib, meloxicam, 
valdecoxib or paracoxib. 

The above combinations include combinations of a compound of the present 
invention not only with one other active compound, but also with two or more other active 
compounds. Likewise, compounds of the present invention may be used in combination with 
other drugs that are used in the prevention, treatment, control, ameUoration, or reduction of risk 
of the diseases or conditions for which compounds of the present invention are useful. Such 
other drugs may be administered, by a route and in an amount commonly used therefor, 
contemporaneously or sequentially with a compound of the present invention. When a' 
compound of the present invention is used contemporaneously with one or more other drugs, a 
pharmaceutical composition containing such other drugs in addition to the compound of the ' 
present invention is preferred. Accordingly, the pharmaceutical compositions of the present 
invention include those that also contain one or more other active ingredients, in addition to a 
compound of the present invention. 

The weight ratio of the compound of the compound of the present invention to the 
other active ingredient(s) may be varied and will depend upon the effective dose of each 
ingredient. Generally, an effective dose of each will be used. Thus, for example, when a 
compound of the present invention is combined with another agent, the weight ratio of the 
compound of the present invention to the other agent will generally range from about 1000:1 to 
about 1:1000, preferably about 200:1 to about 1:200. Combinations of a compound of the 
present invention and other active ingredients will generally also be within the aforementioned 
range, but in each case, an effective dose of each active ingredient should be used. 

In such combinations the compound of the present invention and other active 
agents may be administered separately or in conjunction. In addition, the administration of one 
element may be prior to, concurrent to, or subsequent to the administration of other agent(s), and 
via Uie same or different routes of administration. 

The compounds of the present invention may be administered by oral, parenteral 
(e.g., intramuscular, intraperitoneal, intravenous, ICV. intracistemal injection or infusion. 
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subcutaneous injection, or implant), by inhalation spray, nasal, vaginal, rectal, sublingual or 
topical routes of administration and may be formulated, alone or together, in suitable dosage unit 
formulations containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants 
and vehicles appropriate for each route of administration. In addition to the treatment of warm- 
blooded aramals the compounds of the invention are effective for use in humans. 

The pharmaceutical compositions for the administration of the compounds of this 
mvention may conveniently be presented in dosage unit form and may be prepared by any of the 
methods well known in the art of pharmacy. All methods mclude the step of bringing the active 
ingredient into association with the carrier which constitutes one or more accessory ingredients 
In general, the pharmaceutical compositions are prepared by unifoimly and intimately bringing 
the active ingredient into association with a liquid carrier or a finely divided solid carrier or both 
and then, if necessary, shaping the product into the desired formulation. In the pharmaceutical ' 
composition the active compound is included in an amount sufficient to produce the desired 
effect upon the process or condition of diseases. As used herein, the term "composition" is 
mtended to encompass a product comprising the specified ingredients in the specified amounts 
as well as any product which results, directly or indirectly, from combination of the specified ' 
ingredients in the specified amounts. 

The pharmaceutical compositions containing the active ingredient may be in a 
fomi suitable for oral use. for example, as tablets, troches, lozenges, aqueous or oily suspensions 
dispersible powders or granules, emulsions, hard or soft capsules, or syrups or elixirs 
Compositions intended for oral use may be prepared according to any method known to the art 
for the manufacture of pharmaceutical compositions and such compositions may contain one or 
more agents selected from the group consisting of sweetening agents, flavoring agents, coloring 
agents and preserving agents in order to provide pharmaceutically elegant and palatable 
preparations. Tablets contain the active ingredient in admixture with non-toxic pharmaceutically 
acceptable excipients which are suitable for the manufacture of tablets. These excipients may be 
for example, mert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium 
phosphate or sodium phosphate; granulating and disintegrating agents, for example, com starch 
or algimc acid; binding agents, for example starch, gelatin or acacia; and lubricating agents for 
example magnesium stearate, stearic acid or talc. The tablets may be uncoated or they may be 
coated by known techniques to delay disintegration and absorption in the gastrointestinal tract 
and thereby provide a sustained action over a longer period. For example, a time delay material 
such as glyceryl monostearate or glyceryl distearate may be employed. They may also be coated 
by the techniques described in the U.S. Patents 4.256,108; 4.166,452; and 4,265,874 to form 
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osmotic therapeutic tablets for control release. Oral tablets may also be formulated for 
immediate release, such as fast melt tablets or wafers, rapid dissolve tablets or fast dissolve 
nims. 

may also be presented as hard gelatin capsules wherein 
the active ingredient is mixed with an inert solid diluent, for example, calcium carbonate 
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed 
with water or an oil medimn. for example peanut oil. liquid paraffin, or oUve oil. 

Aqueous suspensions contain the active materials in admixture with excipients 
suitable for the manufacture of aqueous suspensions. Such excipients are suspending agents for 
example sodium carboxymethylcellulose, methylcellulose. hydroxy-propylmethylcellulose ' 
sodium alginate, polyvinyl-pyn-olidone, gum tragacantii and gum acacia; dispersing or wetting 
agents may be a naturally-occurring phosphatide, for example lecithin, or condensation products 
of ^ alkylene oxide with fatty acids, for example polyoxyethylene stearate, or condensation 
products of ethylene oxide with long chain aliphatic alcohols, for example 
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters 
denved fix,m fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate or 
condensation products of ethylene oxide with partial esters derived from fatty acids and hexitol 
anhydndes. for example polyetfiylene sorbitan monooleate. The aqueous suspensions may also 
contain one or more preservatives, for example etiiyl, or n-propyl, p-hydroxybenzoate. one or 
more coloring agents, one or more flavoring agents, and one or more sweetening agents, such as 
sucrose or saccharin. 

Oily suspensions may be formulated by suspending the active ingredient in a 
vegetable oil, for example arachis oil. olive oil. sesame oil or coconut oil. or in a mineral oil such 
as hquid paraffin. The oily suspensions may contain a tfiickemng agent, for example beeswax, 
hard paraffin or cetyl alcohol. Sweetening agents such as those set forth above, and flavoring 
agents may be added to provide a palatable oral preparation. These compositions may be 
preserved by the addition of an anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of an aqueous 
suspension by the addition of water provide the active ingredient in admixture with a dispersing 
or wetting agent, suspending agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those already mentioned above. Additional 
excipients. for example sweetening, flavoring and coloring agents, may also be present 

The pharmaceutical compositions of the invention may also be in the form of oil- 
in-water emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oil. 
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or a mineral oil. for example liquid paraffin or mixtures of these. Suitable emulsifying agents 
may be naturally- occurring gums, for example gum acacia or gum tragacanth. naturally- 
occurring phosphatides, for example soy bean, lecithin, and esters or partial esters derived from 
fatty acids and hexitol anhydrides, for example sorbitan monooleate. and condensation products 
of the said partial esters with ethylene oxide, for example polyoxyethylene soibitan monooleate. 
The emulsions may also contain sweetening and flavoring agents. 

Syrups and elixirs may be formulated with sweetening agents, for example 
glycerol, propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, 
a preservative and flavoring and coloring agents. 

The pharmaceutical compositions may be in the form of a sterile injectable 
aqueous or oleagenous suspension. This suspension may be formulated according to the known 
art using those suitable dispersing or wetting agents and suspending agents which have been 
mentioned above. The sterile injectable preparation may also be a sterile injectable solution or 
suspension in a non-toxic parenterally-acceptable diluent or solvent, for example as a solution in 
1,3-butane diol. Among the acceptable vehicles and solvents that may be employed are water 
Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are 
conventionaUy employed as a solvent or suspending medium. For this purpose any bland fixed 
oil may be employed including synthetic mono- or diglycerides. In addition, fatty acids such as 
oleic acid find use in the preparation of injectables. 

The compounds of the present invention may also be administered in the form of 
suppositories for rectal administration of the drug. These compositions can be prepared by 
mixing the drug with a suitable non-irritating excipient which is solid at ordinary temperatures 
but liquid at the rectal temperature and will therefore melt in the rectum to release the drug. 
Such materials are cocoa butter and polyethylene glycols. 

For topical use, creams, ointments, jellies, solutions or suspensions, etc., 
containing the compounds of the present invention are employed Similarly, tmnsderm'al patches 
may also be used for topical administration. 

The pharmaceutical composition and method of the present invention may further 
comprise other therapeutically active compounds as noted herein which are usually applied in the 
treatment of the above mentioned pathological conditions. 

In the treatment, prevention, control, amelioration, or reduction of risk of 
conditions which require antagonism of CGRP receptor activity an appropriate dosage level will 
generally be about 0.01 to 500 mg per kg patient body weight per day which can be administered 
m single or multiple doses. A suitable dosage level may be about 0.01 to 250 mg/kg per day 
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about 0.05 to 100 mg/kg per day. or about 0.1 to 50 mg/kg per day. Within this range the dosage 
may be 0.05 to 0.5, 0.5 to 5 or 5 to 50 mg/kg per day. For oral administration, the compositions 
ate preferably provided in the form of tablets containing 1.0 to 1000 milligrams of the active 
mgredient. particularly 1.0. 5.0, 10.0. 15.0. 20.0. 25.0. 50.0. 75.0. 100.0. 150.0. 200 0 250 0 
300.0. 400.0. 500.0. 600.0. 750.0. 800.0. 900.0. and 1000.0 milligrams of the active ingredient 
for the symptomatic adjustment of the dosage to the patient to be treated. The compounds may 
be administered on a regimen of 1 to 4 times per day. preferably once or twice per day. 

When treating, preventing, controlling, ameliorating, or r«iucing the risk of 
headache, migraine, cluster headache, or other diseases for which compounds of the present 
invention are indicated, generally satisfactory results are obtained when the compounds of the 
present invention are administered at a daily dosage of from about 0.1 milligram to about 100 
milhgram per kilogram of animal body weight, preferably given as a single daily dose or in 
divided doses two to six times a day, or in sustained release form. For most large mammals the 
total daily dosage is from about 1 .0 milligrams to about 1000 milligrams, preferably from about 
1 milligrams to about 50 milUgrams. In the case of a 70 kg adult human, the total daily dose will 
generally be from about 7 milligrams to about 350 milligrams. This dosage regimen may be 
adjusted to provide the optimal therapeutic response. 

It will be understood, however, that the specific dose level and frequency of 
dosage for any particular patient may be varied and will depend upon a variety of factors 
including the activity of tiie specific compound employed, tiie metabolic stability and lengtii of 
action of that compound, the age. body weight, general health, sex. diet, mode and time of 
admimstration. rate of excretion, drug combination, die severity of the particular condition and 
the host undergoing therapy. 

Several methods for preparing the compounds of this invention are illustrated in 
the following Schemes and Examples. Starting materials are made according to procedures 
known m the art or as illustrated herein. 

The compounds of the present invention can be prepared readily according to tiie 
foUowmg Schemes and specific examples, or modifications thereof, using readily avaUable 
starting materials, reagents and conventional synthesis procedures. In these reactions, it is also 
possible to make use of variants which are themselves known to those of ordinary skill in this art 
but are not mentioned in greater detail. The general procedures for making the compounds 
clamied in this invention can be readily understood and appreciated by one skilled in die art from 
viewing the following Schemes. 
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The synthesis of spirohydantoin intennediates may be conducted as described in 
Schemes 1-4. Spirohydantoin intennediates bearing R5a R5b and r5c may be prepared by 
employing appropriately substituted starting materials or by derivatization of any intennediates 
and/or final products as desired by methods known in the art 



SCHEME 1 



(NH4)2C03 p 1)EtMgBr, THF 



NaCN 



Br 




HN 



2) f-BuLi 




HgO.EtOH^ JOOjY ^^^^^ 



HgN' 

4 

Commercially available 6-bromo-2-tetralone (1) may be readily converted to the 
spirohydantoin 2 under Bucherer-Bergs conditions, using ammonium carbonate and either 
sodium cyanide or potassium cyanide. Other 2-tetralones may be readily accessed using a variety 
of literature methods, such as the Friedel-Crafts reaction of arylacetyl chlorides with ethene as 
described by Burckhalter and Campbell, /. Org. Chem., 26, 4232 (1961), and converted to the 
conesponding spirohydantoins analogously. In Scheme 1, treatment of spirohydantoin 2 with 
ethyl magnesium bromide followed by ter?-butyllithium effects metal-halogen exchange and the 
resulting aryllithium species is quenched with carbon dioxide to give acid 3. A Schmidt reaction 
of 3 with hydrazoic acid may be used to provide aniline 4, as reviewed by Wolff, Org. React., 3, 
307(1946). Alternatively, a modified Curtiusreanangement using 3 and diphenylphosphoryi ' 
azide according to the procedure of Yamada and coworkers. Tetrahedron, 30, 2151 (1974), can 
provide aniUne 4 via either its ferf-butyl or benzyl carijamate derivatives. 
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Schmidt 
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10 



6 7 

In Scheme 2, treatment of 6-bromo-2-tetralone (1) with methylamine 
hydrochloride and potassium cyanide, followed by potassium cyanate and hydrochloric acid, 
provides the methylated hydantoin derivative 5. Analogous procedures to those described in 
Scheme 1 may be used to provide acid 6 and aniline 7. 

Scheme 3 illustrates a route to 7-substituted tetralin derivatives 10 and 11. 3- 
Bromophenylacetic acid is converted to the corresponding acid chloride and this is subjected to 
Friedel-Crafts reaction with ethene. affording the 7-bromo-2-tetralone 9. This intermediate may 
be elaborated using the procedures described in Scheme 1 to provide the acid (10) and aniline 
(11). 
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see Scheme 1 
► 
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10 



11 



intermediates. 



Scheme 4 details the synthesis of the key indane-based spirohydant 



:om 
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2-Indanone (12) is converted to the spirohydantoin 13 via Bucherer-Bergs 
chemistry as shown. Treatment of 13 with nitric acid provides the S-nitraindane derivative 14 
which may be reduced to the corresponding aniline 15 under catalytic hydrogenation conditions. 
Alternatively, a two-step process can be employed to convert 2-indanone (12) into the A^- 
methylspirohydantoin 16. Treatment of 12 with poiassium cyanide and methylamine 
hydrochloride affords an amino nitrile which is converted to the spirohydantoin 16 using 
potassium cyanate and acetic acid. Subjection of 16 to the nitration-reduction sequence used for 
13 leads to the corresponding aniline 18, as detailed in Scheme 4. 

Spirohydantoin intermediates may be resolved to give pure enantiomers using 
techniques familiar to those skilled in the art. For example, chromatography of the nitro 
intermediate 17 on a ChiralPak AD column can be used to provide the individual enantiomers 
(+)-17 and (-).17, and these enantiomers may be reduced to the corresponding anilines [(+)-18 
and (-)-18] by catalytic hydrogenation. Use of standard coupling procedures using 
enantiomerically pure anilines affords the individual enantiomers of the final products. 
Resolution may be effected by other methodologies, such as fractional crystallization of 
diastereomeric salts, and it may be carried out on other synthetic intermediates or on the final 
products. Alternatively, an asymmetric synthesis of a key intermediate, such as an amino acid 
precursor of a spirohydantoin, could be used to provide an enantiomerically enriched final 
product. 

Spirohydantoin compounds containing R« substituents other than hydrogen or 
methyl may be prepared by methods analogous to those for the cases where R"* is methyl in 
Scheme 2 and Scheme 4. Alternatively, a suitably protected spirohydantoin intermediate may be 
denvatized as shown in Scheme 5. 



SCHEME 5 
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20 
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10% Pd/C 
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HpN 




21 



22 



The route illustrated in Scheme 5 uses a Mitsunobu reaction to selectively protect 
the imide nitrogen of spirohydantoin 14 with, for example, X = 4-methoxyphenyI. Other 
alkylation conditions may also be employed in this protection step. The protected spirohydantoin 
19 may be alkylated with a variety of groups using sodium hydride or another base to 
deprotonate the spirohydantoin. In the example shown, the bromide R^Br is utihzed to effect the 
alkylation. but a variety of other R^ derivatives, such as chlorides or sulfonates may be used. 
Other conditions, such as copper or palladium promoted arylation or heteroarylation reactions 
may also be employed to install aryl or heteroaryl R*^ groups. The spirohydantoin product 20 is 
then deprotected to give 21. In Scheme 5, ammonium cerium (TV) nitrate is used to remove the 
4-methoxyben2yl protecting group but the choice of deprotection conditions may vary depending 
on the nature of X. Finally, hydrogenation conditions may be used to provide intermediate 22, in 
analogy with the previous Schemes. 

Spirohydantoin aniline intermediates, such as those described in Schemes 1-5, 
may be coupled with a variety of carboxylic acids, or carboxylic acid derivatives, to provide ' 
amide final products. 
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EDC, HOBT p 
DIEA, DMF R'— \ 
HN- 




10 



15 



Thus, coupling of amine A with a carboxylic acid, R'COzH, can be used to give 
anude B. Other standard coupling conditions may be employed in the synthesis of such amides 
such as use of an alternative coupling reagent like PyBOP. or activation of the carboxylic acid ^ 
an acid anhydride or acid chloride. Uieas may also be synthesized from aniUne A and an 
appropriate amine by use of phosgene. l,r-carbonyldiimidazole, 4-nitrophenyl chloiofoimate, 
or a similar reagent. 

Most of the acids (R'COsH), used to make the compounds of the present 
invention are readily available. They may be obtained from commercial sources or synthesized 
by methodology familiar to those skilled in the art and as described in the chemical literature. A 
number of the acids were synthesized using the methodology outlined in Schemes 7-11. 
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In Scheme 7, carbonylation of a 2-aminophenol (C) with 1,1'- 
carbonyldiimidazole affords the benzoxazolone D, which is treated with sodium hydride, then 
rm-butyl bromoacetate, to provide ester E. Standard deprotection using trifluoroacetic acid 
affords the acid intermediate F, which may be used for coupling to amines like A to give 
compounds of the present invention. 



SCHEMES 
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Scheme 8 illustrates a general route to substituted benzimidazolone derivatives. 
Simple alkylation of the benzimidazolone G affords the acetate derivative H, which may be 
separated from any bis-alkylated material by chromatography. For a variety of aiyl or heteroaryl 
R,. reaction of the corresponding bromide (RiBr) with H using copper catalysis provides the 
iV^-disubstituted intermediate I. The tert-hutyl ester I may be deprotected under acidic 
conditions to give J, which is readily converted to the final products. The chemistry in Scheme 8 
may be modified in a number of ways. For example, use of altemative conditions for the key 
transformation of H to I can permit a variety of R, substituents to be introduced. Examples of 
such altemative conditions include a palladium-catalyzed coupling with H. or an alkylation or 
arylation of the anion of H under basic conditions, for example using sodium hydride followed 
by R,C1. Further chemical manipulation of the substituents R, and R2 is also understood to be 
within the scope of this invention. Either R, or R2 may be modified under a variety of conditions 
at one or more intermediate steps in the synthetic sequence to afford a diverse group of final 
products. An example of this strategy is shown in Scheme 9. 
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In Scheme 9, benzimidazolone G is reacted with 2,4-dibromothia2ole to give bromothiazole K. 
Displacement of the bromide in K with thiomethoxide affords intermediate L, which may be 
5 alkylated to give ester M in analogy with other schemes shown herein. Subjection of M to 
oxidative conditions, such as use of OXONE®, can provide the corresponding sulfoxide, which 
may be deprotected to give acid N. Slight modifications of these conditions could be applied to 
afford the corresponding sulfide or sulfoxide analogues. 

1^ SCHEME 10 
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In Scheme 10, another route to the substituted benzimidazolone J is shown. In 
this route, an amine (R1NH2) is condensed with a 2-chloronitroarene derivative (P) to give amine 
Q. The nitro group may be reduced, for example under catalytic hydrogenation conditions, to 
give the corresponding aniline, and this may be treated with triphosgene to afford the 
benzimidazolone R. Elaboration of R in analogy with the earlier Schemes leads to the desired 
acid intermediate J. In a simple variation of this methodology, the arene P may be replaced with 
a heterocycle, such as 2-chloro-3-nitropyridine to aJfford an aza analogue of J. 
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In Scheme 11, a route to regiospecifically-substituted benzimidazolone 
mtermediate H from the corresponding anthranilic acid is shown. Treatment of the anthranilic 
acid T With phosgene can lead to the benzoxazinedione U. Alkylation of U with tert-hntyX 
bromoacetate, followed by opening of the benzoxazinedione ring with NaOH. provides the 
alkylated anthranilic acid V. Treatment of acid V with diphenylphosphoryl azide leads to a 
Curtius rearrangement in which the intermediate isocyanate is trapped to give the 
benzimidazolone H. This route offers a method of installing the R, substituent(s) in positions 
dictated by the substitution pattern of the anthranilic acid starting material. 

Simple modifications of these routes, including different protecting group 
strategies, application of well-piecedented methodology, and the use of heterocycles and reagents 
other than those described in the foregoing Schemes, may be used to provide other acids of 
mterest, such as those detailed in Intermediates 3-41 and Intermediates 52-73 (see below). 

In some cases the final product may be further modified, for example by 
manipulation of substituents. These manipulations may include, but are not limited to, induction 
oxidation, alkylation, acylation, and hydrolysis reactions which are commonly known to those 
skilled in the art. 

In some cases the order of carrying out the foregoing reaction schemes may be 
vaned to facilitate the reaction or to avoid unwanted reaction products. The following examples 

-44- 



wo 2004/082605 



PCTAJS2004/007289 



are provided so that the invention might be more fully understood. These examples are 
illustrative only and should not be construed as limiting the invention in any way. 



INTERMEDTATP. 1 




HO. 
O 

(±)-6'-Carboxy-3%4'-dihvdro-r//-sp irnrini, dazolidine-4.2'-naDhthalenft1-9. ,S-Hjnn,. 

StepA.(±)-6'-Bromo-3%4'-dihvdro-l'/f-sp irori mida2olidine-4 7/-naphtha1ene1-?, ^-Hio^. 

A stirred mixture of 6-brorao-2-tetralone (17.6 g, 78.2 mmol), sodium cyanide 
(9.58 g, 195 mmol), and ammonium carbonate (97.7 g, 1.02 raol) in HoO (100 mL) and EtOH 
(100 mL) was heated to 70 °C for 3 h, then allowed to cool to ambient temperature. The 
precipitate was coUected by filtration and washed with H2O (5 x 200 mL). Drying in vacuo 
afforded the title compound as a pale solid. MS: m/z = 297 (M + 1). 

StepB.(±)-6'-Carboxy-3\4'-d ihvdro- r g - SDiro rimidazoliriine-4.2»-naDhthalene1-9 ,^^^^ 

To a stirred suspension of (±)-6'-bromo-3',4'-dihydro-rH-spiro[imidazolidine- 
4,2'-naphthaIene]-2,5-dione (14.9 g, 50.5 mmol) in THF (1.2 L), at -70 °C, was added dropwise 
ethyl magnesium bromide (3.0 M in THF. 51 mL, 152 mmol). The resulting mixture was stirred 
for 10 min, then te^t-butyllithium (1.7 M in pentane, 180 mL, 305 mmol) was added dropwise 
over 30 min. Stirring was continued at -70 °C for 20 min, then additional fe/t-butyllithium (1.7 
M in pentane, 60 mL. 102 mmol) was added dropwise over 10 min. After a further 30 min, CO2 
(g) was bubbled into the reaction mixture until LCMS analysis indicated complete reaction! The 
mixture was allowed to warm slowly to ambient temperatiare and the THF was removed in 
vacuo. The residue was suspended in H2O and the solution was adjusted to pH = 1-2 by the 
addition of cone, hydrochloric acid, to a final volume of about 500 mL. The mixture was filtered 
and the isolated solid was washed with H2O (4 x 100 mL) then dried in vacuo. Trituration of this 
crude solid with EtOH provided the title compound as a pale tan solid. MS: m/z = 261 (M + 1). 
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INTERMEDIATE 2 



10 




HoN 



(±)-6'-Amino-T 4'-dihYdro-r H--snirorimid«.ntiH,n.-^ '^ '-nanhth.l.n.i-O ^.h.^.. 

Step A. (±)-6'-ATmno-3',4'-dihydrn-1 '//-snirorin.iH..»i^H i ne-4.2'-n.p hth.l.n.i-0 

A stmed mixture of (±)-6'-carboxy-3'.4'-dihydro-ri?-spiro[imidazolidine-4.2'- 
naphtha^ene]-2.5-dione (described in Intermediate 1) (1.50 g. 5.76 mmol). and sodium azide (749 
mg 11.53 mmol) in cone. H2SO4 (30 mL) was heated to 50 °C for 2 h, then allowed to cool to 
ambient temperatuie. The mixture was adjusted to pH 8 by addition of 6 N aqueous NaOH and 
concentrated in vacuo to precipitate a solid. The precipitate was collected by filtration and 
washed extensively with H.O. Drying in vacuo afforded the title compound as a light brown 
solid. MS:ni/z = 232 (M + 1), 



15 



INTERMRDTATF ^ 



20 




£5,7-Dimethyl-2- oxo-1 ,3 - hR nzoxa7.ol-'^( 9./ :n-vnace.ti^ ariH 

.Step A. 5.7-Dimethvl-2-benznxfl7nlir.r.r.^ 

A mixture of 2-amino-4.6-dimethylphenol (412 mg, 3.00 mmol) and 1 1 '- 
carbonyldiimidazole (730 mg. 4.50 mmol) in THF (15 mL) was heated at reflux for 3 h The 
mixture was allowed to cool, and the solvent removed under reduced pressure. The residue was 
taken up m EtOAc and washed with 1.0 N aqueous HCl (2 x). then brine, then the EtOAc was 
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dried over Na2S04. filtered, and concentrated in vacuo to give the title compound. MS- m/z = 
164 (M+ 1). 



10 



15 



20 



25 



Step B. tert-Butyl (5,7-dimethvl-2-oxo-1^-h e nzoxa2ol-^r9.m-Y i>^^»tot^ 

To a stirred solution of 5,7-dimethyl-2-benzoxazoIinone (200 mg. 1.23 mmol) in 
DMF (2 mL) was added sodium hydride (59 mg of a 60% dispersion in mineral oil, 1 .47 mmol) 
The mixture was stirred at ambient temperature for 10 min. then te,t-butyl bromoacetate (287 
mg. 1.47 mmol) was added and stirring was continued for 2 h. The reaction mixture was 
quenched with H^O and purified directly by HPLC using a reversed phase C18 column and 
elutmg with a gradient of H20:CH3CN:CF3C02H - 90:10:0.1 to 5:95:0.1. Lyophilization 
provided the title compound. MS: mJz = 222 (M - C4H7). 

Step C. (5,7-Dimethvl-2-oxo-1.3-heTi7n x azol-3r2fA-vnacetic acid 

A solution of the /e/t-butyl (5,7-dimethy]-2-oxo-l,3-benzoxazol-3(2H)-yl)acetate 
from Step B in CH^Cb (0.7 mL) and CF3CO2H (0.3 mL) was stood at ambient temperature for 2 
h. Toluene (5 mL) was added and the mixture was concentrated in vacuo to give the tide - 
compound as a dark solid. MS: m/z = 222 (M + 1). 

INTERMEDIATE 4 



OH 



r2-Oxo-3-pyridin-2-yl-2.3-dihvdro-m-hen7iTn idazol-1-vnar^t,v ..iH 

Step A. ferr-But y l (2-oxo - ?„3 -dihvdro-l f/-hPnzimidazol-l-vl> ^rPt.f^ 

To a stirred mixture of 2-hydroxybenzimidazole (4.00 g, 29.8 mmol) and tert- 
butyl bromoacetate (5.53 g, 28.3 mmol) in DMF (50 mL) at 0 °C was added sodium hydride 
(1.31 g of a 60% dispersion in mineral oil, 32.8 mmol). The mixture V^as stirred at 0 °C for 1 h 
then quenched with saturated aqueous NaHCOs and concentrated in vacuo. The residue was 
partitioned between EtOAc (500 mL) and H2O (300 mL) and the organic layer was dried over 



-47- 



wo 2004/08260S 



PCTAJS2004/007289 



NazSO*. filtered, and concentrated under reduced pressure. The crude product was purified by 
silica gel chromatography, eluting with a gradient of CHjChrEtOAc - 100:0 to 0:100, to give the 
title compound. MS: wi/z = 249 (M + 1). 

Step B. terf-Butyl f2-oxo-3-pvridin-2-vl-2.3-d, h vdTD-T W-hP.T,..Triidazol-1-vnarP.tafe 

A mixture of tert-hutyl (2-oxo-2,3-dihydro-lH-benzimidazol-l-yl)acetate from 
Step A (1.75 g, 7.05 mmol), 2-bromopyridine (3.36 mL, 35.2 mmol). copper powder (1.57 g 
24.7 mmol), CuCl (140 mg, 1.41 mmol), and KOAc (2.08 g, 21.1 mmol) in pyridine (30 mL) 
was heated at 100 °C for 3 h. The cooled mixture was partitioned between EtOAc (150 mL) and 
10% aqueous citric acid (100 mL) and the organic layer was dried over Na2S04. filtered, and 
concentrated under reduced pressure. The crude product was purified by silica gel 
chromatography, eluting with a gradient of hexane:EtOAc - 100:0 to 0:100, to give the title 
compound. MS: m/z = 326 (M + 1). 

Step C. (2-Oxo-3-pyridin-2-vl-2.3-dihvdrn-1 /f-benziniiHn7ol-l-vnacetic anid 

A solution of tert-butyl (2-oxo-3-pyridin-2-yl-2,3-dihydro-lif-benzimidazol-l- 
yOacetate from Step B (2.27 g. 6.98 mmol) in EtOAc (100 mL) at 0 was saturated with HCl 
(g). The mixture was stood at 0 °C for a total of 3 h. and was re-saturated with HCl every 30 
min. The mixture was concentrated in vacuo to give the tiUe compound as a white solid MS- 
//i/z = 270 (M + 1). 



JNTERM RDTATP 




(2-Oxo-3-pYrimidin-4-vl-2.3-dihvdro-m- b enztmida7.nl-l -vnacetic aniri 

Step A. /m-Butyl r3-f6-ch]orop yrimidin- 4- vn - 2 - oxo - ? ,.3-dihvdm-l ;c7.h.^^i^idarnl-i-vii ...t.t. 

To a solution of tert-hntyl (2-oxo-2,3-dihydro-liy-benzimidazol-l-yl)acetate (130 
mg, 0.52 mmol, described in Intermediate 4), in DMF (0.7 mL) was 
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added sodium hydride (15 mg of a 60% dispersion in mineral oil, 0.38 mmol). The mixture was 
Stirred for 5 min. then 4.6-dichloropyrimidine (234 mg. 1.57 mmol) was added and argon was 
bubbled through the mixture for 5 min. The reaction mixture was heated at 140 for 10 min in 
a microwave reactor. The cooled mixture was partitioned between CHCIs (10 mL) and saturated 
aqueous NaHCOs (5 mL). The aqueous phase was extracted further with CHCI3 (10 mL) and 
the combined organic layers were dried over Na2S04. filtered, and concentrated under reduced 
pressure. The crude product was purified by silica gel chromatography, eluting with a gradient 
of hexane:EtOAc - 95:5 to 75:25. to give the title compound. MS: m/z = 361 (M + 1). 

StepB. fe/t-Butyl (2-oxo-3-pvrimidin-4-v1-?. ^-H r hvdrQ-m-hPn.^r nida7:ol-1-vlW^t.f^ 

A mixture of ter?-butyl [3-(6-chloropyrimidin-4-yl)-2-oxo-2.3-dihydro-li3'- 
benzimidazol-l-yljacetate from Step A (260 mg, 0.72 mmol), 10% Pd-C (23 mg) and 
triethylamine (0.15 mL, 1.08 mmol) in EtOH (5 mL) was stirred under an atmosphere of 
hydrogen (ca.l atm) for 2 h. The mixture was filtered through a pad of cehte, washing with 
EtOH, and the filtrate was concentrated to give the title compound as a white solid MS- m/z = 
327 (M+1). 

(2-Oxo-3-pvrimidin-4-vl-2.3-dihvdrn-l W-he n zimidazol-l -ynacetic aciri 

Essentially following the procedures described for Intermediate 4, but using tert- 
butyl (2-oxo-3-pyrimidin-4-yl-2,3-dihydro-m-benzimidazol-l-yl)acetate 
in place of tert-butyl (2-oxo-3-pyridin-2-yl-2,3-dihydro-l^-benziniidazol-l-yl)acetate, the title 
compound was prepared. MS: m/z = 271 (M + 1). 



INTERMEDIATR 6 

O 

1 3-r4-(BthoxYcarbonvI)phenvll-2-oxo-2.3-dihvdr o-m-he.T,^imiH ^ol-l.vnaceti^ ^.hh 

Step A. Ethvl 4-r(2-nitro phenvnaminn1benzoatft 
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A mixture of ethyl 4-aminobenzoate (1.00 g, 6.05 mmol) and 2- 
fluoronitrobenzene (0.64 mL, 6.05 mmol) was heated at 160 "C for 18 h. The crude product was 
punfied by silica gel chromatography, eluting with hexanerEtOAc - 70:30, to give the title 
compound. MS: m/z = 287 (M + 1). 

Step B. Ethvl 4-rr2-aminn phenvnaTniiin1benzoate 

A mixture of ethyl 4-[(2-nitrophenyl)amino]ben2oate from Step A (755 mg 2 64 
mmol) and 10% Pd-C (505 mg) in EtOH (25 mL) was stirred under an atmosphere of hydrogen 
(ca.l atm) for 4 h. The mixture was filtered through a pad of ceUte, washing with EtOH, and the 
filtrate was concentrated to give the title compound. MS: m/z = 257 (M + 1). 

Step C. Ethyl 4-f2-oxo - 2 , 3 -dihvdrQ-l ^-henzimidarol-l-ynbenzoatft 

A mixture of ethyl 4-[(2-aminophenyl)amino]benzoate from Step B (442 mg 1 72 
mmol) and l.l'-carbonyldiimidazole (652 mg, 4.02 mmol) in THF (10 mL) was heated at 75 °C 
for 3 h. The cooled mixture was partitioned between EtOAc (100 mL) and 10% aqueous citric 
acid (50 mL). The organic layer was washed with H2O (30 mL), then brine (30 mL), then dried 
over Na2S04. filtered, and concentrated under reduced pressure. The crude product was purified 
by silica gel chromatography, eluting with a gradient of hexane:EtOAc - 95:5 to 75:25, to give 
the title compound, which was of sufficient purity for use in the next step. MS: m/z = 283 (M + 



Step D. Ethyl 4-r3-(2-ter?-bntoxv-2-oxne,thvl->-9- o xo-2.3-dihvdrn-l H-ben7im,H^.nl-l- 
vllbenzoate 

To a stirred solution of ethyl 4-(2-oxo-2,3-dihydro-m-benzimidazol-l- 
yI)benzoate from Step C (590 mg, 2.09 mmol) in DMF (10 mL) at 0 °C was 
added sodium hydride (104 mg of a 60% dispersion in mineral oil, 2.60 mmol). The mixture was 
stirred for 5 min, then tert-hutyl bromoacetate (489 mg, 2.51 mmol) was added and stirring was 
continued for 3 h. The reaction mixture was partitioned between EtOAc (200 mL) and H2O (100 
mL). The organic layer was washed with H2O (50 mL), then brine (50 mL), then dried over 
Na2S04. filtered, and concentrated under reduced pressure. The crude product was purified by 
silica gel chromatography, eluting with a gradient of hexane:EtOAc - 100:0 to 0:100, to give the 
title compound. MS: m/z = 397 (M + 1). 

{3-r4-(EthoxvcarbonYl)phenvll-?-oxo-2.3-dihvd, ^ 17y-he.n7.,miH..o i-i-vU^P.e.ti^ «niH 
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4 rs f2,.„h ''■bousing eftyl 

t« b!.^ ^ T i" place Of 



BSmBRMRDIATP. 7 
O 




2-Oxo-l'-r2.2.2-trifliinrnPt hvlVspimri«4oiine-:^.4'-niT 



'eridinel-1 -acetic amd 



Step A. 1 •-(2,2,2-trifluoroethvn-spirnrinHn»n ^ .3.4..„ip ^^Hin-|-0_»». 

Al (2001)] tnfIuoroacet,c acid salt (3.66 g. 11.6 xnmol). 2,2.2-trifluoroethyl 

tnrluoromethanesulfonate (i 6^mT 11/; rv.v«^i\ j ^ • . , 

acetone nn ,.r l T 1 '"=*y'™i-= (S-06 ni, 57.9 mmol) in 

acetone (30 ^) wa. heated at teflux for 16 h. The mixB^ was allowed to cool, and the Lvent 
removed under reduced pressure. The .esidue was taken up in and wastad wi* 

saturated aqueous NaHC03. The aqueous layer was extn^ted .wo „o.e times »^CaCI Tie 
combtned organic laye,. we. dtied over Na.SO. flteted. and concent.,^ Tl^^^t ^ 
title compound MS: m/z = 285 (M + 1). ^ 

StepB. 7-o,o-...f7. 2 ?-,rifl„on..thy n Ttrn n, ,,! Ih„ ..4--ni.erid„^.1-, ........ 

one ftom Sten l^nT", Tl"""" ''■'"■^•2-««"—M)-spir„[indoline-3.4--piperidinJ-2- 
one f^m Step A (3.30 g. 11.6 nunol) in DMF (10 mL) was added sodium hydride (697 mg of a 

T^Tr^T "•^■™°'>«°*- Themixtu..„assd,redatO'Cfor45mir 

*en ««-bu.yl btomoacetate (1.88 nO, 12.8 nn»,l) was added and stitring was continued aT 
room.en,per«u.efor72h. The reaction nnx.u« was quenched with H.O Theaquersla' 
w™,^ With CH.CU(3X50 ni., T.e combined CH.Cl.„e.d^edove:rsZ r^^ 
and concentrated i„ T1,e c™de p„K.uct was purified by siUca gel chromatog^ph; e rg 
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With a gradient of hexane:EtOAc - 100:0 to 80:20, to provide the title compound. MS: m/z = 
399 (M+1). 

Step C. 2-Oxo-l'-(2.2.2-trifluomet h vn-sDirorindoIine-3.4'-piperidine1-l-acetic acid A 
solution of the tert-butyl 2-oxo-l'-(2,2,2-trifluoroethyl)-spiro[indoline-3,4'-piperidine]-l-acetate 
(3.19 g, 8.01 mmol) from Step B in CH2CI2 (16 mL) and CF3CO2H (5 mL) was stirred at 
ambient temperature for 17 h. Added CF3CO2H (1 mL) and stirred 1 additional hour. The 
mixture was concentrated in vacuo. The resulting crude oil was resuspended in CH2CI2 (10 mL) 
and concentrated in vacuo to remove excess CF3CO2H. To the resulting soUd was added an HCl 
solution (10 mL, 2.0 M in EtaO) and the solution concentrated in vacuo. Repeated two more 
times to produce the hydrochloride salt of the title compound as a white solid. MS: m/z = 343 
(M+1). 



INTERMEDIAL 8 




(2-Oxo-3-phenvl-l.3-dih vdro-lg-imidazor4.5-/jlpvridin-l-vnacetic acid 

Step A. 3-Nitro-iV-phenvlpvridin-2-amine 

A stirred mixture of 2-chloro-3-nitropyridine (500 mg, 3.15 mmol) and aniline 
(587 mg, 6.30 mmol) in EtOH (1.5 mL) was heated in a microwave reactor for 10 min at 150 °C, 
then concentrated in vacuo. The crude product was purified by silica gel chromatography, 
eluting with a gradient of CH2Cl2:MeOH:NH40H - 100:0:0 to 95:5:0.25. to provide the title 
compound as a solid. MS: m/z - 216 (M + 1). 

Step B. 3- Amino-A/-phenvlpvridin-2-amine 

A mixture of 3-nitro-iV-phenylpyridin-2-amine from Step A (650 mg, 3.02 mmol) 
and 10% Pd/C (100 mg) in EtOH (10 mL) was stirred under an atmosphere of hydrogen (ca. 1 
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atm) for 1 h, then filtered through a celite pad and concentrated in .acuo. The crude product was 
used without further purification in the next step. MS: w/z = 186 (M + 1). 

Step C. 3-Phenvl-l ,3-dthvdro-2jy-im,ri>.^nr.t S -Mpyridin^-O-n.,. 

To a stirred nuxture of 3-amino-iV-phenylpyridin-2-aininefh>m Step B (258 mg 
1.39 nnnol) m CH3CN (15 mL) was added triphosgene (413 mg, 1.39 nunol) and the reaction 

IT "T' " ~ "^^^ -~ed in .acuo 

and the cnade sohd was quenched with H^O (10 mL) and saturated aqueous NaHCOa (10 mL) 
The precipitate was filtered, washed with water and air-dried to yield the title compound as a 
brown sohd. which was of sufficient purity for use in the next step. MS: m/z = 212 (M + 1). 

StepD. r.;t-Bnty] (9-0.0 . 3 r.l^er.v^.^ .-...^U.,^.^..^.^...^^^^^^^ 

ft. c. o J° ^ 3-phenyl-l,3-dihydro-2ff-imidazo[4,5-i,]pyridine-2-one 
from Step C (0.229 g, 1.17 mmol) in DMF (5 mL) was added sodium hydride (70 of a 60% 
dispersion m mineral oil, 1.75 mmol). The mixture was stirred for 5 min, then .er^-butyl 
bromoacetate (416 mg. 2.13 mmol) was added and stirring was continued for 1 h. The reaction 
mixture was partitioned between EtOAc (30 mL) and brine (20 mL), and the aqueous layer was 
extracted further with EtOAc (30 mL). The combined organic extracts were dried over MgSO. 
fi tered. and concentrated under reduced pressure. The crude product was purified by silica gel' 
chromatography, eluting with a gradient of hexane:EtOAc - 100:0 to 70:30. to give the title 
compound. MS: m/z = 326 (M + 1). 

StepE. (2-Oxo-VphenYl-l,3-dihvdro-l/f-imid«.orzL^-A-,p vridin-l-vn...H...;^ 

ten-Butyl (2-oxo-3-phenyI-l,3-dihydro-l^f-imidazo[4.5-i,]pyridin-l-yl)acetate 
from Step D (302 mg, 0.93 mmol) was dissolved in TPA (3 mL) and CU^, rrl^TZ 
mixture was stirred at ambient temperature for 3 h. tiien concentrated in vacuo to give the title 
compound. MS: m/z = 270 (M + 1). S c "ic aue 
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INTBRMEDIATP. 0 
MeO^*-^ O 




Me 

r3-(2-Methoxv-2-oxoethYl)-4.6-dimet hvl-2-oxo - 2 , 3 - dih vdm-7»--^^ 

Step A. 4,6-Dimethvl-13-dihvdro-?.W-benzimida7.n1-7-nTi>. 

A mixture of 4,6-dimethyl-2-nitroaniline (10.0 g, 60.2 mmol) and 10% Pd/C (1.0 
g) in EtOH (300 mL) was stirred under an atmosphere of hydrogen (ca. 1 atm) for 3 h, then 
filtered through a cehte pad and concentrated in vacuo. The crude solid was dissolved in CH3CN 
(200 mL) and triphosgene (15.0 g, 50.5 mmol) was added. The mixture was stirred for l .h, then 
H2O (200 mL) was added slowly and stirring was continued for 1 h. The precipitate was isolated 
by filtration and dried to give the title compound. MS: m/z = 163 (M + 1). 

Step B. ferr-Butyl (4,6-dimethvl-2-oxo-2.3-dih v dro-lH-ben7.imidazol-l-vnace.f^tP • 

To a stirred solution of 4,6-dimethyl-l,3-dihydro-2fl'-ben2imidazol-2-one 
fi-om Step A (7.15 g, 44. 1 mmol) in DMF (200 mL) was added sodium hydride (1.76 g of a 60% 
dispersion in mineral oil, 44.1 mmol) over 2 min. The mixture was stirred for 20 min, then tert- 
butyl bromoacetate (8.17 g. 41.9 mmol) in DMF (40 mL) was added and stirring was continued 
for 1 h. The reaction mixture was diluted with H2O (400 mL) carefully and a solid precipitated. 
The mixture was aged for 5 min, then filtered to give a crude solid, which was purified by silica 
gel chromatography, eluting with a gradient of CHzClzrEtOAc - 100:0 to 40:60, to provide the 
title compound. MS: m/z = 277 (M + 1). 

^ ^ ^g^-Butyl r3-(2-methoxv-2-oxoethvn-4 6-dimethvl-2-nxo-2.3-dihvdro-lA/- 

benzimida zol- 1 -vl 1 arpf af f> 

To a solution of re^-butyl (4,6-dimethyl-2-oxo-2,3-dihydro-lH-benzimida2ol-l- 
yDacetate from Step B (100 mg, 0.36 mmol) in DMF (3 mL) was added sodium hydride (17 mg 
of a 60% dispersion in mineral oil, 0.43 mmol) followed by methyl bromoacetate (0.041 mL, 
0.43 mmol) and the reaction mixture was stirred for 2 h. The reaction was purified directiy by 
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HPLC using a reversed phase CI 8 column and eluting with a gradient of HzOrCHaCNrCFsCOzH 
- 90:10:0.1 to 5:95:0.1. Lyophilization of the product-containing fractions afforded the tiUe 
compound. MS: mJz = 349 (M + 1). 

r3-(2-Methoxv-2-oxoethvlM.6-dimethvl-2-nx o -2.3-dihvdm-i;Y-benzimidflzn1-l-vnaceti 

EssentiaUy following the procedures described for Intermediate 8, but using tert- 

butyl[3-(2-methoxy-2-oxoethyl)-4.6-dimethyl-2-oxo-2,3-dihydro-l/f-benzimidazol-l-yl]acetat^ 
in place of tert-hutyl (2-oxo-3-phenyl-l,3-dihydro-lH-imidazo[4.5-&]pyridin-l-yl)acetate. the 
title compound was prepared. MS: m/z = 293 (M + 1). 



INTRRMPDIATES 10-41 



Essentially following analogous procedures to those outlined for Intermediates 3- 
9, the compounds listed in Table 2 were prepared. The most relevant analogous procedure for 
each intermediate is listed in the Table. The requisite starting materials were commercially 
available, described in the literature, or readily synthesized by one skilled in the art of organic 
synthesis. In some cases, straightforward protecting group strategies were applied. 



TABLE 2 
O 



Intermediate 




MS (M + 1) 


Relevant 
Intermediate 


10 




193 


4 


11 




207 


9 


12 


6" 


221 


9 
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1 


T P-f 

u 


194 


3 1 


14 


V 

Me 


208 


1 

1 1 


1 1^ 




244 


3 


16 




177 


3 


17 




253 


3 


18 


V 

CI 


228 


3 


19 




210 


3 


on 


a 


283 


9 


21 


a ,o 

U 


376 


9 


22 


Me 


297 


9 


23 




192 


3 


24 


o 


361 


7 



-56- 




-57- 



wo 2004/082605 



PCT/US2004/007289 



38 


PS 

& 


271 


4 


39 




276 


4 


40 




275 


4 


41 




497 


8 



INTERMEDIATE 42 



10 



15 




HO 



r±)-6'-CarboxY-3-methvl-3^4'-d^hvdro-^g-sniro^n,lH..»,.H.•.e -4■2>-..n^ 

Step A. (±)-6'-Rromo-3-mothvl-3' 4'-dihvdro-P^-,p W^r^n,idazoIid.n.-a ^'-»aDhthal.n..1-9 S- 
Qione — ' — 

A mixture of 6-bromo-2-tetraIone (1.00 g, 4.44 mmol) and methylamine 
hydrochloride (300 mg. 4.44 mol) in H.O (1 mL) and EtOH (1.5 mL) was stirred at ambient 
temperature for 20 min. Potassium cyanide (289 mg, 4.44 mmol) was added and stirring was 
continued for 18 h. The mixture was added dropwise to a stirred solution of 1.0 N aqueous HCI 
(4.5 mL) at 0 °C. then potassium cyanate (360 mg, 4.44 mmol) was added portionwise The 
stoed mixture was heated to 95 «>C and cone. hydrx>chloric acid (0.44 mL) was added dropwise 
The reaction mixture was heated at this temperature for 1 h, allowed to cool, and extracted with 
CH2CI2 (80 mL). The organic extract was dried over Na2S04. filtered, and concentrated to 
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dryness. The crude product was purified by silica gel chromatography, eluting with a gradient of 
CHzCljrMeOH - 100:0 to 90:10, to provide a crude sample of the title compound (ca. 70% pure). 
Trituration with EtOH afforded the title compound as a pale solid. MS: nUz = 311 (M + 1). 

Step B. W-6'-Carboxv-3-methv1-3\4'-riihYrirn-l > g-spirnrim,d«.ni idine-4.2'-n«p hfh.l^^ 
dione 

To a stirred suspension of (±)-6'-bromo-3-methyl-3',4'-dihydro-rfl- 
spiro[imidazolidine-4,2'-naphthaIene]-2.5-dione (21 1 mg, 0.682 mmol) in THF (30 mL). at -70 
°C, was added dropwise ethyl magnesium bromide (1.0 M in THF, 1.37 mL, 1.37 mmol). The 
resulting mixture was stirred for 15 min, then f^rf-butyllithium (1.7 M in pentane. 1.61 mU 2.73 
mmol) was added dropwise. After a further 30 min, CO2 (g) was bubbled into the reaction' 
mixture until LCMS analysis indicated complete reaction. The mixture was allowed to warm 
slowly to ambient temperature and the THF was removed in vacuo. The residue was suspended 
in H2O (20 mL) and the solution was adjusted to pH = 1-2 by the addition of 1.0 N hydrochloric 
acid, then it was saturated with NaCl (s). The mixture was filtered and the isolated solid was 
washed with H2O then dried in vacuo. Trituration of this crude solid with EtOH provided the 
tide compound as a pale tan solid. MS: miz = 275 (M + 1). 



INTERMEDTATP.4^ 



HN 



X 




NH 

6 

(±)-7'-Amino-3',4'-dihvdro-l'//-sDirQri m idazolidtTift-4 2'-naDhthalftnel-2.5-dione 

Step A. 7-Bromo-2-tetra1nTi«'. 

A solution of 3-bromophenylacetic acid (10.4 g, 48.4 mmol) in oxalyl chloride 
(50 mL, 0.57 mol) was stirred at ambient temperature for 5 min then at reflux for 5 h. The oxalyl 
chloride was removed in vacuo and the residue was dissolved in anhydrous CH2CI2 (100 mL). 
This solution was added dropwise to a rapidly stinred, ice-cooled solution of AICI3 (23.2 g, 174.2 
mmol) in CH2CI2 (500 mL). A stream of ethylene gas was blown into the vortex of the stirred 
solution during the addition and the reaction temperature was kept at < 5 °C. The reaction 
mixture was allowed to warm to ambient temperature and then poured onto ice and stiired 
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Vigorously. The organic portion was removed and the aqueous layer extracted with CH2CI2 (2 x 
200 mL). The combined CH2CI2 fractions were passed through a 2" pad of silica and 
concentrated to give a thick, red oil. The crude product was purified by silica gel 
chromatography, eluting with a gradient of hexane:EtOAc - 100:0 to 75:25, to provide the title 
compound as a pale yellow solid. MS: m/z = 226 CM + 1). 

(±)-7'-Amino-3\4'-dihvdro-rf/--spirorimtdazolidine-4?/-r,.p hth ^Iene1-2,S-riinn^. 

Essentially following the procedures described for Intennediate 1 and 
Intennediate 2, but using 7-bromo-2-tetralone in place of 6-biomo-2-tetralone, (±)-7'-amino- 

3',4'-dihydro-rH-spiro[imida2olidine-4.2'-naphthalene]-2.5-dione was prepared. MS- miz = 
232 (M + 1). 



INTERMEDIATE 44 
Q 




(±)SpirorimidazoHdin p.-4.2'-indane1-2.5-dioTie 

Step A. (±VSpirorimifla z olidine-4.2'-indane1-2.5-HiftnP. 

A stirred mixture of 2-indanone (3.0 g, 22.6 mmol), sodium cyanide (3.3 g, 67.3 
mmol), and ammonium carbonate (22 g, 228 mol) in H2O (50 mL) and EtOH (50 mL) was 
heated to 70 °C for 3 h, then allowed to cool to ambient temperature. The precipitate was 
collected by filtration and washed with H2O (5 x 100 mL). Drying m vacuo afforded the title 
compound as a gray-brown solid. MS: nilz - 202 (M + 1). 



INTERMEDTATF. 4S 




f±)-5'-Amino-spirorimida7.olidinft-4 , 7'-ir, d anel-2.5-dione 
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0 



Step A. (±VV-Nitro-.spirorimidazohH.r,P-4 9'-i ndaTie1-9. S-Hi^^. 

A solution of (±)-spiro[iimdazolidine-4,2'-indane]-2.5-dione (3 0 g 14 8 mmol 

m Jo "th r ^"^^"^ -olated by 

filiation The cmde material was recrystallized ftom ethanol to give the title compound as a 
yellow sohd. MS: miz = 248 (M+1). 

Step B. (j-)-5'-Amino-,spirorimidaznlidin>> -4.2'-indaTiP.1 -9 

. 7 t« n -^l' suspension of (±)-5'-nitro-spiro[imidazolidine-4,2'-indane].2,5-dione (1 77 
g. 7 16 xnmol) .n EtOAc (100 n>L) and MeOH (100 mL) was added 10% Pd/C (400 mg) and the 
^Uon stored vigorously under hydrogen (ca. 1 atm). After 1 h. the catalyst was filt J d o^^d 
^mtn^te was concentrated to yieldthe title compound asapale brown soli^^ 



ESfTERMRDTATP Af. 

Q 

NH 




r±)-5'-Amino-3-methvl-spirorimida7.nliHin^-4 9'.indanPl-7S.H;^^^ 

^p A. 2-(Methylamino)indane-2-narhnnit rile hvHrnrhl,^r;H^ 

To a mixture of 2-indanone (20.0 g, 151 mmol) in MeOH (20 mL) was added 
methylam:ne hydrochloride (10.2 g. 151 mmol). To the stined mixture was added H.0T2O 1^ 
and a fine homogenous slun^ developed. The reaction mixture was cooled to 0 oc and KCN 

JxtuTi xt^;:rw:^^^^^^^^^^ ^« ^- — 

n,T ^ fh.« ^ ^ ^^shed with brine (50 

™L) *e„ ctaed over MgSO.. HCl (g) was bubbled through the vigorously stirred solution for 10 

ZTl Z ' --^^^ -^^•^ Et.O, and dried to 

yield the title compound. MS: m/z = 173 (M + 1). 
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15 



20 



StepB.(±)-3-Methvl-spiroriimda7.nlirfin»- 4 .2'-indanp] -7,'?-Hir.^o 

To a stirred mixture of 2-(methylainino)indane-2-caitonitriIe hydrochloride from 
Step A (6.0 g. 28.8 mmol) in AcOH (45 mL) was added a solution of potassium cyanate (4 65 g 
57 mmol) in H.O (6 mL) and the reaction mixture was stirred for 1 h. The mixture was poured 
into cold HaO (150 mL) and the precipitate was isolated by filtration, washed with H^O and air 
dned. The crude solid was suspended in 1 N HCl (30 mL) and stirred to 50 °C for 2h The 
reaction mixture was cooled, filtered, and the isolated solid washed with HaO and dried in vacuo 
to yield the title compound. MS: m/z = 217 (M + 1). 

Step C. f±)-3-Methvl-5'-nifro-sr)irnr,Tr,iH ^ olidine-4 ^'-indanel-l '.-dint,^ 

To stirred fuming nitric acid (100 mL) was slowly added (±)-3-methyl- 
spn-o[imidazolidine-4.2'-indane3-2,5-dione (4.5 g, 20.9 mmol) in portions over 30 min The 
reaction mixture was diluted with H^O (200 mL) and the precipitate was collected by filtration 
washed with H2O and dried in vacuo to give the title compound. MS: r,t/z = 262 (M + 1). 

(±)-5'-Amino-3-methvl-snirorimida7.nliHm e -4.2'-indflnftl -7,S-Hi»»^ 

Essentially following the procedures described for Intermediate 45, but using (±)- 
3-methyl-5'-mtro-spiro[imidazolidine-4,2'-indane]-2.5-dione in place of (±)-5'-nitro- 
spiro[imidazolidine.4,2'-indane]-2.5-dione. the title compound was prepared. MS- m/z = 232 (M 



INTERMEDIATE 47 
Q 




25 "^^N- 

(-)-5'-Amino-3-methvl-snirorimidaznltHi n e-4.2'-indflne.l-2.5-dionft 

S tepA.(-)-3-Mftthvl-5'-nitrQ-sp irnrj mida2oliriin^-4.2'-indaTie1-9 ,S-Hi^n^ 

(±)-3-Methyl-5'-nitro-spiro[imidazolidine-4.2'-indane]-2,5-dione (described in 
30 Intermediate 46) was dissolved in a mixture of MeOH. CH3CN and diethylamine and the 
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enantiomers were resolved by HPLC, utiUzing a ChiralPak AD column and eluting with 
CHaCNrMeOH - 90:10. The first major peak to elute was (+)-3-methyl-5'-nitro- 
spiro[imidazolidine-4,2'-indane]-2.5-dione and the second major peak to elute was (-)-3-methyl- 
5'-nitro-spiro[imidazolidine-4,2'-indane]-2,5-dione. the title compound. MS: m/z = 262 (M + 1). 

(-)-5•-Amino-3-methv1-spiro^imida ^ olidine-4.2•-indane^-2, 'S-HmTl,> 

Essentially following the procedures described for Intermediate 45, but using (-)- 
3-methyl-5'-nitro-spiro[imidazoHdine-4,2'-indane]-2,5-dione in place of (±)-5'-nitro- 

spiro[imidazolidine-4,2'-indane]-2.5-dione, the title compound was prepared. MS- miz = 232 (M 
+ 1). 



INTERMEDIATR 4R 
O. 




5'-Amino-6--chloro-3-methyl- spirorimi da zolidin e-4.2'-indanP.1-2.5-dione.en«iirinm 

Step A. 5'-Amino-6^-chlom-3-methYl-spirorimidazolidine-4 ?'-.n d ane1-2 S-Hinn. enantiomer R 
(-)-5'-Amino-3-methyl-spiro[imidazolidine-4,2'-indane]-2,5-dione (265 mg, 1.15 
mmol. described in Intermediate 47) was dissolved in AcOH (7 mL) and N-chlorosuccinimide 
(145 mg, 1.09 mmol) was added in one portion. The mixture was stirred at ambient temperature 
for 5 h, then the solvent was removed in vacuo. The residue was partitioned between saturated 
aqueous NaHCOs (20 mL) and CH^Cl^ (70 mL). The organic layer was dried (NaaSO^). filtered, 
and concentrated under reduced pressure. The crude product was purified by silica gel 
chromatography, eluting with a gradient of CHzClziEtOAc - 100:0 to 0:100, to give 5'-amino-4'- 
chloro-3-methyl-spiro[imidazolidine-4.2'-indane]-2,5-dione, which eluted first, and the title 
compound, which eluted second. MS: nUz = 266 (M + 1). 
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INTERMED TATF dQ 
Q 




^ o 

CI 

5'-AniiTio-4'-ch1oro-3-methvl-spTrorim.da7.ol,dine-4 ?.'-inda,ie1-9. S-Hi^n e. enantinn...r B 

Step A. 5'-Ammo-4'-chloro-3-methvl-spirorin>ida7,olidine-4.2'-,nd...i -9.5.dione^ en.ntin^.. p 

The title compound was obtained from the same reaction as Intermediate 48 The 

crude product was purified by silica gel chromatography, eluting with a gradient of 

CH2Cb:EtOAc - 100:0 to 0:100, to give the title compound, which eluted first, and 5'-amino-6'- 

chloro-3-methyl-spiro[imidazolidine-4,2'-indane]-2,5-dione, which eluted second. MS- m/z = 
266 (M + 1). 



INTERMEDTATF. SO 
Q 

-NH 

J! 1 K 

HoN 




(±)-5'-Amino-3-(benzvn-smrorimida2oli d ine-4.2'-inHane1-2.5-dinnP. 

Step A. (±)-l-(4-Methoxvben7,vn-5'-nitro-.;p ir nrimida7.o]iHin.-4 .2'-indane1-?. S-Hinn. 

A mixture of (±)-5'-nitro-spiro[imidazolidine-4,2'-indane]-2,5-dione (1.4 g 5 66 
mmol. described in Intermediate 45), 4-methoxybenzyl alcohol (0.94 g. 6.80 mmol) diethyl 
azodicarboxylate (1.48 g, 8.49 mmol). and triphenylphosphine (2.23 g, 8.49 mmol) in THF (15 
mL) was stirred at ambient temperature for 3 days. The solvent was removed under reduced 
pressure and the residue was partitioned between saturated aqueous NaHCOs (15 mL) and 
CH2CI2 (50 mL). The organic layer was dried (Na2S04), filtered, and concentrated under 
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reduced pressure. The crude product was purified by silica gel chromatography, eluting with a 
gradient of hexanerEtOAc - 90:10 to 60:40, to give the title compound as a yellow solid MS- 
in/z = 368 (M+1). 

StepB.(±)-3-Benzyl-H4-metho xvben7.v]) - 5 '- m tro-spirnrimiH.TOlidine-4.2'-indane1-2.5-dm^ 

To a solution of (±)-l-(4-methoxybenzyl)-5'-nitro-spiro[imidazoUdine-4,2'- 
indane]-2,5-dione from Step A (165 mg, 0.45 mmol) in DMF (1 mL) was added sodium hydride 
(18 mg of a 60% dispersion in mineral oil, 0.45 mmol). The mixture was stirred for 5 min at 
ambient temperature and benzyl bromide (230 mg, 1 .35 mmol) was added. After 30 min, the 
mixture was partitioned between saturated aqueous NaHCOs (3 mL) and CHCI3 (5 mL) The • 
aqueous phase was extracted further with CHCI3 (5 mL) and the combined organic layers were 
dried (Na2S04), filtered, and concentrated under reduced pressure. The crude product was 
purified by silica gel chromatography, eluting with hexane:EtOAc - 75:25, to give the title 
compound as a pale solid. MS: mJz = 458 (M+1). 

StepC. (±)-3-Benzvl-5'-nitro-sp irn ri n iidazoJidine-4.2'-indane1-2.5-dione 

To a stirred solution of (±)-3-benzyI-l-(4-methoxybenzyl)-5'-nitro- 
spiro[imidazolidine-4.2'-indane]-2,5-dione from Step B (1 10 mg. 0.24 mmol) in acetonitrile (1.5 
mL) was added dropwise a solution of anunonium cerium (TV) nitiate (395 mg. 0.72 mmol) in 
H2O (1 mL). After 3 h at ambient temperature, the precipitate was isolated by filtration and dried 
in vacuo to afford the title compound as a yellow solid. MS: miz = 338 (M+1). 

StepD. (±)-5'-Amino-3-henzvl-spirnriT i udazolidinp.-4.2'-indane] -9..';-rfin«.> 

To a solution of (±)-3-benzyl-5'-nitro-spiro[imidazolidine-4.2'-indane]-2,5-dione 
firom Step C (80 mg, 0.24 mmol) in EtOAc (1.5 mL) and MeOH (1.5 mL) was added 10% Pd/C 
(5 mg) and the reaction mixture was stirred vigorously under hydrogen (ca. 1 atm). After 18 h 
the catalyst was filtered off and the filtrate was concentrated to yield the title compound as a p^e 
brown solid. MS: mJz = 308 (M + 1). 
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INTERMEDIATR S 1 
Q 

-NH 




H2N' 

Me 

(±)-5'-Anuno-3-(2-methv1nroD-l-vlVsp ir nrmiidazolidinft.4.2'-indaT.f.> ^ 

Essentially following the procedures described for Intermediate 50, but using 1- 
bromo-2-methylpropane in place of benzyl bromide, the title compound was prepared MS- mJz 
= 274 (M+1). 



^® INTERMEDIATE 52 

jT \ A 

Q ° 

(±)-{3-r4-(Methylsnlfinyl)-13-thia2ol-2-v]1-?-oxo-2,^-dihvHr^- t ff-benzimiri«.nl-i-^ ^ 
acid 

- Step A. l-(4-Bromo-l,3-thia7,o1-2-vn-1.3-d.hvHr o-2//-ben7.imidp^nl-?-nn. 

A mixture of 2-hydroxybenzimidazole (1.20 g, 8.95 mmol), 2,4-dibromothiazole 
(6.5 g, 26.8 mmol), copper powder (1.42 g. 22.37 mmol). CuCl (177 mg, 1.79 mmol), and KOAc 
(2.2 g, 22.37 mmol) in pyridine (10 mL) were heated at 60 ''C for 2 h. The cooled mixture was 
partitioned between EtOAc (40 mL) and 10% aqueous citric acid (20 mL) and the organic layer 
20 was dried over Na2S04. filtered, and concentrated under reduced pressure. The crude product 
was purified by siUca gel chromatography, eluting with a gradient of hexane.EtOAc - 100:0 to 
50:50, to give the title compound. MS: m/z = 297 (M + 1). 
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Step B. l-r4-(Methv1thio)-T 3-thia2ol-2-v]1-1 ^-Hi hvdro-2^-hP.n^iTniH.^^^^ij>_^ 

A mixture of l-(4-bromo-l,3-thiazol-2-yl)-13-ciihydro-2iy-benzimidazol-2-one 
from Step A (LO g. 3.38 mmol), sodium methanethiolate (710 mg. 10.13 mmol), and copper 
iodide (643 mg. 3.38 mmol) in DMF (6 mL) were heated at 140 °C. An additional amount of 
sodium methanethiolate (474 mg. 6.76 mmol) was added to the mixture after 3 h and 16 h and 
the reachon continued stirring at 140 °C. After 20 h. the cooled mixture was partitioned between 
saturated aqueous NaHCOs (30 mL) and CHCI3 (50 mL). The aqueous phase was extracted 
further with CHCI3 (50 mL) and the combined organic layers were dried (^^280,), filtered and 
concentrated under reduced pressure to give the title compound. MS: /n/^ = 264 (M + 1). ' 

S^ C^ert-Butyl n-r4-(methy1thio) 1 ^ t hia7,ol -2-vn - ? - oxo - 9 3 ..dihvd»^l ^-K....^...-^, , 
vl) acetate — 

To a stirred mixture of l-[4-(methylthio)-l,3-thiazol-2-yl]-1.3-dihydro-2ff- 
benzimidazol-2-one from Step B (710 mg, 2.67 mmol) and ?^,t-butyl bromoacetate (578 mg 
2.97 mmol) in DMF (15 mL) at 0 °C was added sodium hydride (194 mg of a 60% dispersion in 
mineral oil, 4.85 mmol). The mixture was stirred at 0 for 15 min, then quenched with 
saturated aqueous NaHCOs and extracted with CH.Ch (2 x 35 mL). The combined organic 
layers were dried over NaaS04. filtered, and concentrated under reduced pressure. The crude 
product was purified by silica gel chromatography, eluting with a gradient of hexane:EtOAc - 
100:0 to 70:30, to give the title compound. MS: m/z = 378 (M + 1). 

StepD. (±)-r^;t-ButYl {3-r4-fm(>thvlsulfinvlVl ^-thi ^ oi.2-vn-9-^v^-r3-dihvdro-l i^- 
benzimidazol-l-vl laretafp 

A solution of OXON^ in water (0.5 mL) was added to a solution of tert-butyl 
{3-4-(methylthio)-1.3-thiazol-2-yl]-2-oxo-^ 

C (110 mg. 0.291 mmol) in isopropanol (1 mL) and chloroform (1 mL) at 0 °C After 2 h the 
mixture was quenched with saturated aqueous NaCl and extracted with CHCI3 (2 x 10 mL) The 
combined organic layers were dried over Na2S04, filtered, and concentrated under reduced 
pressure. The crude product was purified by silica gel chromatography, eluting with a gradient 
of hexane:EtOAc - 90: 10 to 50:50, to give the title compound. MS: m/z = 394 (M + 1). 

StepE. (±)-{3-r4-rMethy]s„lfinyl)-l 3-thiazol-2.Yl1-? - oxo - r 3-dihvdrn.l ^-h.„.;^;^...^. , 
vl I acetic acid 
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(±)-/err-Butyl{3-[4-(methylsulfinyl)-l,3-thia2ol-2-yl]-2-oxo-2,3-dihydro-lH- 
benzunida2ol-l-yl}acetate from Step D (100 mg, 0.254 mmol) was dissolved in TFA (3 mL) and 
CH2CI2 (3 mL) and the mixture was stiired at ambient temperature for 3 h, then concentrated in 
vacuo to give the title compound. MS: m/z = 338 (M + 1). 



INTERMEDIATE 53 

{3-r4-(Methoxycarbonyl)-l ,3-thia7ol-?.-vn-2-oxn-9. ^-H^Hy dro-lH-hP.n.in,,H..oi.i_vn.n.Hr. ...H 

Step A. tert-Bntyl r3-(4-bromo-1 3-thiazQl-2-vn-7-nvn - 2.3-dihvHrn-l ^-h.,nzimidaznl-l- 
vllacetate 

Essentially following the procedures described for Intermediate 4, but using 2 4- 
dibromothiazole in place of 2-bromopyridine. the title compound was prepared. MS- 7,t/z = 412 
(M+ 1). 



StepB. Methyl 2-r3-(2-/m-hntoxv-?-oxoethvlV9-.v»-9 3 -dihvd,T>-l Af-lv.n..-niidazol-t-vn-l ^- 
thiazole-4-carboxy latft 

To a suspension of tert-hutyl [3-(4-bromo-1.3-thiazol-2-yl)-2-oxo-2.3-dihydro- 
l//-benzimidazoI-l-yl]acetate from Step A (250 mg, 0.609 mmol) and triethylamine (0 85 mL 
6.09 mmol) in MeOH (5 mL) was added bis(triphenylphosphine)palladium (11) chloride (86 mg, 
0. 122 mmol). The reaction mixture was heated at reflux under an atmosphere of carbon 
monoxide (ca. 1 atm) for 48 h, then partitioned between CHCI3 (20 mL) and saturated aqueous 
NaHCOa (5 mL). The organic layer was dried over Na2S04. filtered, and concentrated under 
reduced pressure. The crude product was purified by silica gel chromatography, eluting with a 
gradient of hexane:EtOAc - 100:0 to 60:40, to give the title compound. MS: m/z = 412 (M + 
23). 
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StepC. {344-(MethoxvcarbonvlVl.3-thi»^n1-7- v n-2-oxo-2.3-dihvdro-lff-hftn^imi^ 
vllacetic acid 

A solution of methyl 2-[3-(2-fert-butoxy-2-oxoethyl)-2-oxo-2,3-dihydro-lif- 
benziinidazol-l-yl]-l,3-thiazole-4-carboxylate from Step B (195 mg, 0.501 mmol) in EtOAc (3 
mL) at 0 °C was saturated with HCl (g) for 5 min. After 15 min. the reaction was le-saturated 
with HCl for another 5 min. The mixture was concentrated in vacuo to give the title compound 
as a white solid. MS:m/z = 334 (M + 1). 

INTERMEDIATE 54 



ft I 

Q ° 

r3-(4-Methoxypvrimidin-2-vn-2-oxo-2.3-dihy dro-l//-ben7Jmida2ol-l-vnflr.Ptin ^HH 

Step A. ter?-Butvl ^3-(4-methoxvDvrimidin-9- vn-2-oxo-2■3-riihvdro-l;y-hP■nrimiH«..^l-l- 
vllacetate 

A mixture oftert-hutyl (2-oxo-2.3-dihydro-l//-benzimidazol-l-yl)acetate (200 
mg, 0.806 mmol, described in Intermediate 4) and sodium bis(trimethylsilyl)amide (1.0 M in 
THF, 1.69 mL. 1.69 mmol) in THF (0.5 mL) was stilted for 5 min, then 2-chloro-4- 
methoxypyrimidine (583 mg, 4.03 mmol) was added and argon was bubbled through the mixture 
for 5 min. The reaction mixture was heated at 130 °C for 10 min in a microwave reactor. The 
cooled mixture was partitioned between CHCI3 (10 mL) and saturated aqueous NaHCOa (5 mL). 
The aqueous phase was extracted further with CHCI3 (10 mL), and the combined organic layers 
were dried over Na2S04, filtered, and concentrated under reduced pressure. The crude product 
was purified by silica gel chromatography, eluting with a gradient of hexane:EtOAc - 100:0 to 
80:20, to give the title compound. MS: m/z = 357 (M + 1). 

Step B. r3-(4-Methoxypvrimid in-2-yI)- 2-oxo- 2 3-dihvdro-1 Ty-benzimiday.nl-l-ynacetic acid 

?ert-Butyl[3-(4-methoxypyrimidin-2-yl)-2-oxo-2,3-dihydro-l//-benzimidazol-l- 
yl]acetate ftom Step A (110 mg, 0.309 nmiol) was dissolved in TEA (2 mL) and CH2CI2 (2 mL) 
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and the mixture was stirred at ambient temperature for 48 h, then concentrated in vacuo to gi 
the title compound. MS: m/z = 301 (M + 1). 



(±)-(2-Oxo-3-tetrahvdrofuran-3-vl-2.3- dihvdro-lf/-henzimidazo1-l-vnaceticacid 

Step A. f±VJV-f2-Nitro phenvntetrahvdrofuran-3-amiTip. 

N, A/^Diisopropylethylamine (3.2 mL, 18.4mmol) was added to a solution of 1- 
fluoro-2-nitrobenzene (0.484 niL, 4.6 mmol) and (±)-tetrahydrofuran-3-amine (400 mg, 4.6 
mmol) in n-butanol (10 mL) and the mixture heated to 180 °C in a microwave reactor. After 20 
min, the reaction was allowed to cool to ambient temperature and concentrated. Purification by 
silica gel chromatography, eluting with a gradient of hexane:EtOAc - 100:0 to 0: 100. gave the 
title compound. MS: m/z = 209 (M + 1). 

(±)-(2-Oxo-3-tetrahvdrofuran-3-vl-2.3-d ihvdro-liy-benzimidazol- 1 -vnacetic acid 

Essentially following the procedures described for Intermediate 6, but using (±)- 
iV-(2-nitrophenyl)tetrahydrofuran-3-amine in place of ethyl 4-[(2-nitrophenyl)amino]benzoate, 
the title compound was prepared. MS: in/z = 263 (M + 1). 



INTERMEDIATE 5S 




INTERMRnTATP. ^fi 
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r4-f2-Huorophenvl)-2-oxo-2.3-dihvrirn - m-benzimidazol-l-vl1acfttin ^c\A 

Step A. iV-<'2-ATninn -6-broTnop henvnacetamidR 

Iron powder (2.92 g, 52.32 mmol) and ammonium cMoride (2.3 g, 43.6 mmol) in 
ethanol (40 mL) and water (20 mL) were added to a solution of iV-(2-bromo-6- 
nitrophenyl)acetamide [Edlin et al., New Journal of Chemistry 1999. 23, 819-826] (2.26 g, 8.72 
mmol) in DMF (20 noL) and the mixture was heated at reflux. After 6 h. the reaction was filtered 
through a celite pad. washed with acetone, and concentrated in vacuo to give the title compound 
MS://i/2 = 231(M+ 1). 

Step B. l-Acetvl-7-brom o-1.3-dihvdro-2//-ber>zimidazol-2-one 

To a solution of A^-(2-amino-6-bromophenyl)acetamide from Step A (3.5 g, 15.28 
mmol) in acetonitrile (100 mL) was added phosgene (1.9 M in toluene, 8 mL, 15.2 mmol)! After 
10 min, the mixture was concentrated, redissolved in water, and the solid was collected by 
filtration, washed with H2O and dried in vacuo to give the title compound. MS: m/z = 256 (M + 
1). 



Step C. Ethyl (3-acetYl-4-hromo-2-oxn- 2 .3-dihvdro-l tf-benzimidazol-l-vnacetate 

Sodium hydride (353 mg of a 60% dispersion in mineral oil, 8.84 mmol) and ethyl 
bromoacetate (1.15 mL, 8.84 mmol) were added to a solution of l-acetyl-7-bromo-l,3-dihydro- 
2ff-benzimidazol-2-one ft-om Step B (1.5 g, 5.89 mmol) in DMF (20 mL) at 0 °C. After 4 h, the 
reaction mixture was quenched with brine and extracted with EtOAc. The organic layer was 
dried over NajSO*, filtered, and concentrated. The crude product was purified by silica gel 
chromatography, eluting with a gradient of CHzChiEtOAc - 100:0 to 80:20, to give the title 
compound. MS: m/z = 343 (M + 1). 

Step D. Ethyl (4-bromo-2-oxo-2.3-dihvdr o -m-benziTnida2ol-l-vnarfttate 
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Ethyl (3-acetyl-4-biomo-2-oxo-23-dihydro-lJy-benzimidazol-l-yl)acetate (500 
mg, 1.47 mmol) was dissolved in ethanol (10 mL) and 6 M aqueous HCl (20 mL) and heated at 
reflux. After 2 h, the reaction was concentrated and redissolvfed in ethanol (10 mL). The 
niixture was treated with concentrated H2SO4 (0.5 mL) and heated at reflux. After 1 h, the 
cooled reaction mixture was partitioned between saturated aqueous NaHCOs and CH2CI2. The 
organic layer was dried over sodium sulfate, filtered, and concentrated to give the tide 
compound. MS: ni/z = 301 CM + 1). 

Step E. f4-(2-Fluorophenv]V2-oxo-2.3-dih v dro-lH-henzim idazol-l-vnacP.tin 5.riH 

Ethyl (4-bromo-2-oxo-2,3-dihydro-m-benzimidazol-l-yl)acetate (25 mg, 0.084 
mmol), 2-fluorophenylboromc acid (23 mg, 0.167 mmol), and [1,1'- 

bis(diphenylphosphino)fen:ocene]dichloropalladium (U) (1 mg, 0.001 mmol) were dissolved in 
tetrahydrofijran (2 mL) and 2 M aqueous cesium carbonate solution (1 mL) and heated at 150 °C 
for 6 min in a microwave reactor. The cooled mixture was partitioned between EtOAc (5 mL) 
and H2O (1 mL). The organic layer was concentrated under reduced pressure and the crude 
material was purified by HPLC using a reversed phase CIS column and eluting with a gradient of 
H20:CH3CN:CF3C02H - 90:10:0.1 to 5:95:0.1. Lyophilization provided the ethyl ester, which 
was dissolved in methanol and saponified with sodium hydroxide to give the title compound 
MS:/7i/2 = 287(M + l). 



INTERMEDIATE 57 



Br 

. (6-Bromo-2-oxo-3-pvridin-?,-vl-2.3-dihvHm -i//-benzimidazoI-l-vnacetir arid 

Step A. 2-Amino-4- bromoben7.oir aHH 

Iron powder (4.15 g, 74.38 mmol) and ammonium chloride (3.32 g, 62.0 mmol) 
were added to a solution of 4-bromo-2-nitrobenzoic acid [/. Am. Chem. Soc. 1952, 74, 5621] 
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(3.05 g. 12.4 mmol) in ethanol (50 mL) and water (25 niL) and the mixture was heated at reflux 
After 6 h. the reaction was filtered, washed with ethanol. and concentrated in vacuo. The crude 
matenal was dissolved in water (150 mL) and concentrated HCl (30 mL) and stirred at ambient 
temperature for 16 h. The mixture was extracted with ethyl acetate (2 x 200 mL) and the organic 
layer was dried over Na^SO*. filtered, and concentrated under reduced pressure to give the title 
compound. MS: nUz = 216 (M + 1). 

Step B. 7-Bromo-2W^- 3.1-ben7.mflzine-2.4nm-dintiP. 

Phosgene (1.9 M in toluene, 18.4 mL. 35 mmol) was added dropwise over 1 h to a 
solution of 2-amino-4-bromobenzoic acid from Step A (2.5 g, 11.7 mmol) in THF (30 mL) and 1 
N HCl (20 mL). After 2 h, the precipitate was collected by filtration, washed with H2O, then 
ethyl acetate, and dried in vacuo to give the title compound. MS: w/z = 242 (M + 1). 



Step C. 2-r(l-Amino-2-rffrf-butoxv-2-nxoP. t hvnaminn^-4-bromoben7.oir ar^irf 

terr-Butyl bromoacetate (1.34 mL. 9.1 mmol) was added to a solution of 7-bromo- 
2£f-3.1-benzoxazine-2.4(lf0-dione from Step B (2 g. 8.26 mmol) and potassium carbonate (1 3 
mg, 9. 1 mmol) in DMF (20 mL) and stirred at ambient temperature for 4 h. 1 M NaOH (15 mL) 
was then added to the reaction and after 1 h. the mixture was partitioned between 0.5 N HCl and 

EtOAc. The organiclayer was dried over Na2S04, filtered, and concentrated to give the title 
compound in sufficient purity for use in the next step. MS: niJz = 275 (M + 1- rert-butyl). 

Step D. ferr-Butyl (6-bromo-?,-oxo-2.3-dihvdm-m -ben7.imid«rnl-i-vnacetate. 

2-[(l-Amino-2-/grt-butoxy-2-oxoethyl)amino]-4-bromobenzoic acid ft-om Step C 
(2.72 g. 8.24 mmol), diphenylphosphoryl azide (2.1 mL, 9.9 mmol), and triethylamine (1 4 mL 
9.9 mmol) were dissolved in toluene (80 mL) and heated at 100 °C for 1 h. The cooled mixture 
was partitioned between EtOAc (200 mL) and water (100 mL). The organic layer was dried over 
Na2S04. filtered, and concentrated under reduced pressure. The crude product was purified by 
sihca gel chromatography, eluting with a gradient of hexanerEtOAc - 100:0 to 0:100. to give the 
titie compound. MS: mJz = 327 (M + 1). 

£ 6-Bromo-2-oxo-3-pvridin-2-vl-2.3-dihvrim-m- b enziTniri;.7nl-i-vnaceticaciH 

Essentially following the procedures described for Intennediate 4. but using fert- 
butyl(6-bromo-2-oxo-2.3-dihydro-l/?-benzimida2ol-l-yl)acetate 
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in place of tert-butyl (2-oxo-3-pyridin-2-yl-2.3-dihydn)-lH-benzimidazol-l-yl)acetate, the title 
compound was prepared. MS: miz = 348 (M + 1). 



10 



INTERMEnTATP,<! Sft--?^ 



Essentially following analogous procedures to those outHned for Intermediates 3- 
9 and Intermediates 52-57, the compounds listed in Table 3 were prepared. The most relevant 
analogous procedure for each intennediate is listed in the Table. The requisite starting materials 
were commercially available, described in the literature, or readily synthesized by one skilled in 
the art of organic synthesis. In some cases, straightforward protecting group strategies were 
applied. 



TABLE 3 
O 

15 ^'^-^OH 



Intermediate 




MS(M+1) 


Relevant 
Intermediate 


58 




285 


4 


59 




276 


8 


60 




322 


52 


61 




354 


52 
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62 




178 


3 


63 


&" 


277 


9 


64 


Me O 

Q 


340 


55 


65 




362 


55 


66 


Mi " 


290 




67 


6"* 


311 


55 


68 


MeO 

O N-f 


293 


9 


69 




328 


4 


70 


&" 


305 


4 
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71 


Me-N o 


275 


3 


72 




211 


57 


73 


u 


261 


57 



EXAMPLE T 




^ (±)-6'4f3-Ch]orobenzoYl)amino1-3 \4'-dihvdro - r/7 -sDiroriniiH;..oHH^ne-4.2'-ri;.p h ^- 
dione 



10 



15 



A mixture of 3-chlorobenzoic acid (11 mg, 0.067 mmol), (±)-6'-amino-3',4'- 
dihydro-rH-spiro[imidazolidine-4,2'-naphthalene]-2,5-dione (described in Intermediate 2) (13 
mg, 0.056 mmol), EDC (13 mg, 0.067 mmol). HOBT (10 mg, 0.067 mmol), and NJ^- 
diisopropylethylamine (0.012 mL. 0.067 mmol) was stined in DMP (0.3 mL) at ambient 
temperature for 1 8 h. The crude mixture was purified directly by HPLC using a reversed phase 
CIS column and eluting with a gradient of HzOrCHjCNrCFsCOaH- 90:10:0.1 to 5:95:0.1. 
Lyophihzation provided the title compound as a white solid. MS: m/z = 370 (M + 1). HRMS: 
m/z = 370.0957; calculated ni/z = 370.0953 for C19H17CIN3O3. 



EXAMPLKS 7-17 
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Essentially following the procedures outlined for Example 1, the compounds 
hsted in Table 4 were prepared. The requisite carboxylic acids were commercially available 
descnbed in the literature, synthesized according to methodology described herein (yide supra) 
or readily synthesized by one skilled in the art of organic synthesis. In some cases, 
5 straightforward protecting group strategies were applied. 
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Q 


m. 


421 


10 




457 


11 




390 


12 




466 


13 


oy O 

Rl 


441 


14 




423 


15 




496 


16 




589 


17 


HN-^ 

Q 

(5^^ 


489 



EXAMPT.RS 1R-1Q 



Essentially following the procedures outlined for Example 1, the compounds 
5 listed m Table 4 were prepared. The requisite carboxyUc acids were commercially available 
descnbed m the literature, synthesized according to methodology described herein (yide supra) 
or readily synthesized by one skilled in the art of organic synthesis. In some cases, 
straightforward protecting group strategies were applied. 
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TABLES 



H 



HN 



O 




NH 



Example 


R" 


MS (M + 1) 


18 


CI 


441 


19 




420 



EXAMPLES 20-S1 



10 



Essentially following the procedures outlined for Example 1, but using 
Intermediate 45 in place of Intermediate 2, the compounds listed in Table 6 were prepared. The 
requisite carboxylic acids were commercially available, described in the literature, synthesized 
according to methodology described herein {vide supra), or readily synthesized by one skilled in 
the art of organic synthesis. In some cases, straightforward protecting group strategies were 
applied. 



15 



H 



TABLE 6 
O 



H 



Example 



MS (M + 1) 
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35 


" o — ~ 

Me 


407 


36 




452 


37 




375 


38 


N / 


447 


39 


,°-f"o 


443 


40 


Me 


421 


41 




423 


42 




443 


43 


Br 


368 


44 




289 


45 


Me 


407 


46 




408 
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47 






48 




391 


49 


hN— X — 


460 


50 




N-~f° O 


475 


51 




531 



EXAMPLE 52 



10 




Me 



(±)-5'-{A^-MethYl42-(5J-dimethvl-2-oxo-1. 3 -benzoxaznl-^f2g^-vnacftfvnamir.^}^ 
spiroriinid a2olidine-4,2' -indane]--?. , S-Hinnft 



Step A. (±)-5'-(MethvlaminoVsp irr> riinidazolidine-4.2'-indane1-2.5-dinnp. 

To a stirred mixture of formaldehyde (0.026 mL of a 37 wt% aqueous solution, 
0.32 mmol). (±)-5'-amino-spiro[imidazolidine-4,2'-indane]-2,5-dione (described in Intermediate 
45) (50 mg, 0.23 mmol). and AcOH (0.053 mL, 0.92 mmol) in MeOH (3 mL) at ambient 
temperature was added sodium cyanoborohydride (0.34 mL of a 1 M solution in THF, 0.34 
mmol) and the reaction mixture was stirred for 4 h, then concentrated in vacuo. The residue was 
partitioned between saturated aqueous NaHCOa and EtOAc. The organic layer was removed, 
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10 



15 



20 



H.O^CH,CN:CF3CO,H- 90:10:0.1 ,„ 5:95:0.1. LyophflizaMon p^Wded tt,e dfle compound 
anotf-whittsoUd. MS:m/j = 232(M+l). ompounaas 

(±)-5--[Af-Mrthvi-r2-r'i 7-rrim..hy | _2.„,^i ^.h.^ ^„j,„„, 
spiT0fiiiiida70lidiii^-4 7.'-i.. ^ane1-2 -j-Hinn, 

Following the procedures outlined for Example 1, but using (±)-5'. 
methylanuno) spiro[imidazolidine.4,2--inda„e]-2,5-dione in place of fctennediate 2 and using 
TT' 3 .n place of 3-ch.orobenzoic acid, the tide compound was obtained as a 
Tt, f;'^^ = «^<^-«- HRMS:W^ = 435.I655;calculated,^. = 435.1«3for 

L23H23N4O5. 



EXAMPT-PS^ 



Essentially following the procedures outlined for Example 1 , but using 
mtennediate 46 in place of Intermediate 2. the compounds listed in Table 7 were prepared The 
requ.,te carboxylic acids were commercially available, described in the literature S3^thesizld 
acco^dmg to methodology ^^^^^ 

Tpp, d P-^«ng group strategies were 




-83- 



wo 2004/082605 

PCT/US2004/007289 



EXAMPLES 54-fiO 



10 



Essentially following the procedures outlined for Example 1, but using 
mtennediate 47 in place of Intennediate 2. the compounds listed in Table 8 were piepaied The 
i^quiszte carboxylic acids were commercially available, described in the literature, synthesized 
accordmg to methodology described herein iyide supra), or readily synthesized by one skilled 
Ae art of orgamc synthesis. In some cases, straightfonvard protecting group strategies were 



m 




Example 




MS (M + 1) 


54 




483 


55 


q 

N-f^° O 

c9^ 1 


484 


56 


N-Y° O 


489 


57 


D 


484 
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58 




488 


59 


O 


390 


60 


Q 

O 


483 






61 


^=^N^° O 


497 


62 


PsC-^ 

N— , 

\ / X) 


556 


63 


BO-/' 


554 


64 


HO-f" 

Q 


526 




~ 

\ o 

Me, /N-f O 

Mfl 


448 


66 


Me^ ' 


506 


67 


>^ 

Mi 


492 
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68 


~1 — 

-|— 


491 


69 


TJe 

Me-N 

4- ^ — mI 


519 


70 


1 


-J 


71 


1 0 

! 


551 


72 


N=a/ 

■ ^ST^ 


567 


73 


O 


560 


74 




518 


75 


o 


526 


76 




300 
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77 


~ " 

^ O 


498 


78 


Q 


561 


79 


<i 

NC 


508 


80 


/-f° O 


489 


81 


0 


476 


82 


Me 0 

.N^° O 


553 


83 


Q o 


543 


84 


Mi 

N-Y° O 


503 


85 


Q 

c5^^ 


524 
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86 




391 


87 


Me— n' 

o=>° 


488 




88 




424 


89 


— 


474 




90 




500 


91 


H^si • 


477 




92 




490 





EXAMPT.P. 
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A mixture of (2-oxo-3-pyricUn-2-yl-23-dihydio-liy-benzimidazol-l-yl)acetic acid 
(57 mg, 0.211 mmol. described in Intermediate 4), 5'-amino-6'-chloro-3-methyl- 
spiro[imidazolidine-4,2'-indane]-2,5-dione, enantiomer B (51 mg. 0.192 mmol. described in 
Intermediate 48). PyBOP (120 mg. 0.230 mmol). and Ar.iV-diisopropylethylamine (0.033 mL. 
0.192 mmol) was stirred in DMF (1 mL) at 50 °C for 18 h. The crude mixture was purified 
directly by HPLC using a reversed phase CIS column and elating with a gradient of 
HaO.CHaCNrCFaCO^H - 90:10:0.1 to 5:95:0.1. Lyophiiization provided the title compound as a 
white solid. MS: miz = 517 (M + 1). HRMS: miz = 517.1383; calculated mlz = 517.1386 for 
C26H22CIN6O4. 



EXAMPLE 94 





4'-Chloro-3-methvl-5'-{r2-r2-oxo-3-pvrid.n-?.-vl- 2.3-dihvdm-l?y-benzimida7^ 
VDacetyllamino }-spirorimidazolidine-4.2'-i n dane1-2.5-riinne. enantiomer R 



Essentially following the procedures described for Example 93, but using 5'- 
amino-4'-chloro-3-methyl-spiro[imidazolidine-4,2'-indane]-2.5-dione, enantiomer B. (described 
in Intermediate 49) in place of 5'-amino-6'-chloro-3-methyl-spiro[imida2olidine-4,2'-indane]- 
2,5-dione, enantiomer B. the title compound was obtained. MS: mlz = 517 (M + I). HRMS: m/z 
= 517.1381; calculated m/z = 517.1386 for C26H22CIN6O4. 



-89- 



wo 2004/082605 



PCT/US2004/007289 



EXAMPLE QS 




O 




10 



H 



spiror inMda^olidine-4.2'-mrf.t,.] -o^ ^i^^^ ^ ' tyiiaminoi 

Essentially following the procedures described for Example 1, but using 
t~:: 'T' «^ 3 chlorobenzoic acid, and Intennediate 50 in place'of Mennedir' 

— -cm.,, hkm. ..=5™ coated 



EXAMPT-P. Ofi 



15 




^L':fr''' 'r '"'"^ '^ ^^ ^-^^^ PVri^"-2-y »-2 Vdihy .d mg0.i^^ 
X l)acetyllaminol-sDimr.rr,iH..» ^ dine-4?'-inH.ne1-2.5-d,nnP ■ ■ 




Essentially following the procedures described for Example 1 but usine 
mtennedrate 4 in place of 3-chlorobenzoic acid, and Intennediate 51 in place'of Inler^Idir' 
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the title compound was obtained. MS: m/z = 525 (M + 1). HRMS: vt/z = 525.2248; calculated 
nUz = 525.2245 for C29H29N6O4. 



While the invention has been described and illustrated with reference to certain 
particular embodiments thereof, those skilled in the art will appreciate toat various adaptations 
ch^ges, modifications, substitutions, deletions, or additions of procedures and protocols may ^»e 
made without departing from the spirit and scope of the invention. For example, effective 
dosages other than the particular dosages as set forth herein above may be applicable as a 
consequence of variations in responsiveness of the mammal being treated for any of the 
mdications with the compounds of the invention indicated above. 
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